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CHAPTER I 
INTRODOCTION 
A. General Introduction 
F.conomy in the design of structures is one of the main goals 
or all structural engineers. The recent use or computers in 
engineering has reduced the design time, allowing the engineer to 
explore other areas or reducing the overall cost. One of these 
areas may be in the field or construction with the objective to 
save on labor time and construction cost. Another area may be in 
the form of more efficient use or the individual structural members, 
allowing each member to be more fully stressed with the objective 
to save on building material. All of these plus other criteria affect 
the overall cost of the structure. 
If a structural engineer were asked to design·a building or 
a bridge, he would have to assume an initial design_model. With this_ 
initial assumption, he would be able to make the primary structural 
analysis and the necessary checks for design criteria. A modification 
to the initial design variables may be required to achieve a more 
efficient design. For a statically indeterminant structure the 
number of revisions may become extremely large and time consuming. 
However, if the revisions should satisfy some criterion, such as 
minimum weight, then the possible revisions have a guide line and an 
optimum solution is possible. 
An optimum solution does not imply that the weight is the 
most critical factor for an economical design. However, the 
expression for weight, which can be expressed as a function of 
design parameters, lends itself more readily to an optirnUITl solution. 
B. Problem Background 
In 1963 Bigelow (1)* successfully developed the method for 
obtaining the minimum weight of a plasticaily designed steel frame. 
The method of linear approximation was applied to the nonlinear 
objective function. The constraint equations were developed from 
the plastic moment carrying capacity of the members. Their constraint 
equations were found to be compatible with the design criteria. 
other investigators (2, 10, 13) applied a similiar technique 
of linear programming to minimize the weight of elastically designed 
steel frames. They concluded that a saving in weight can be 
successfully used to minimize the cost of a structure, especially for 
large buildings where a reduction in weight will correspond with a 
large savings in material and construction cost. 
Nicholls (11) stated that too great an emphasis has been placed 
on the gradient technique in structural analysis. Nonlinear equations, 
when plotted on a graph, will have local maxima and minima. The 
gradient search technique will be trapped in one of these minimum 
points and possibly give a sub optimum solution. He concluded that the 
*Numerals in parentheses refer to corresponding items 1n the 
Bibliography. 
2 
linear programming technique will not terminate at a suboptimum 
point since the equations are in linear form and will average out 
the curves. 
J 
Douty (4) used weight as the objective function to optimize 
the design of a two-span, continuous wide flange beam, having unequal 
spans. The beam was built of welded plates with cover plates over the 
interior supports. His study consisted of using seven variables in 
the objective function and thirteen constraint equations. This slllall 
number of variables and equations produced a stable and rapid solution, 
Cho (J) applied a similiar technique of linear programming 
for finding the optimum design of a single-bay, one-story structure. 
The members were built up welded steel plates with additional cover 
plates at the corners. The problem required the use of nine variables 
and fourteen constraint equations. He found that the optimum solution 
for a statically indeterminant frame did not necessarily correspond. 
to the minimum weight or maximum load carrying capacity of each member. 
c. Object and Scope of Investigation 
The main objective of this investigation is to determine the 
optimum design variables which will minimize the weight of a structure, 
The number of variables was chosen to obtain a high degree of 
flexibility in design and to reduce linearization errors (12) in the 
constraint equations. The linear equations used in the simplex method 
of analysis (9) were approx:ilTla.ted by applying Taylor's first order of 
expansion theorem (7) to the nonlinear constraint equations and the 
objective function. This technique of approximation is known as the 
4 
cutting plane method (5). After each optimization of the approximate 
linear equations by the simplex method, new coefficients for the 
linear constraint equations were calculated. 
In this study a two-bay, one-story rigid frame structure 
subjected to a uniformly distributed load was considered. The design 
variables imposed for optimization were the cross-sectional dimensions 
of the beams, columns, and haunches. As efficiency in construction 
was highly emphasized, flange width and thickness, as well as web 
thickness were held at a constant value for the complete frame. The 
depth or the webs or the columns, beams, haunches, as well as the 
length of each haunch were allowed to vary for each member to adjust 
for different loading conditions. 
The American Institute of Steel Construction {14) code am 
working stress method of analysis have been used throughout this 
investigation. Although A-36 type of steel with J6 ksi for yield 
strength was adopted in this study, the program can be modified to any 
other desired type of steel. 
The computer program is written in Full Operating System 
Fortran for the use of the IBM 360 computer. The number of variables 
has been limited to 22 because of the core space restrictions of the 
computer but can be expanded when such space becomes available. 
CHAPTER II 
STROCTURAL ANALYSIS 
A. Design Variables 
The engineer is conf'ronted with a large number of variables 
during the design of a structure. He may have a choice of the type 
of structure, whether it be frame, shell, or truss. He may also have 
the choice of a wide variety of construction materials, such as wood, 
steel, concrete, or a combination of these. The choice of the type 
of structure atxl material should be followed by a complete analysis 
and design of the different structural elements. However, if all 
these variables were to be considered, it would require a relatively 
long time to obtain an optimum design, even with the use of the 
electronic digital computer. Therefore, the design variables should 
be carefully selected so that an optimum solution can readily be found. 
This study deals with a commonly used two-bay, one-story, 
rigid steel frame. The columns are assumed to rest on hinged supports. 
The height of the columns, as well as the length of each bay, may be 
selected to meet individual requirements. As haunches are widely used 
in design, the rigid :frame connections are provided by the double knee 
type. The length o:f each haunch as well as the cross-sectional 
dimensions of the beams, colwnns and haunches are considered 
variables. These variables are shown in Figure 1 and are described 
in the listing of notations, Appendix D. Hereafter, these variables 
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A = length of haunch 
dwb = depth of web of beam 
dwc = depth of web of column 
dwh = depth of web of haunch 
\t = thickness of web 
bf = .width of flange 
tr = thickness of flange 
Figure 1. Design Variables 
s..J 
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B. Method of Analysis 
An indeterminant structure is defined as "one for which the 
reaction components and internal stresses can not be completely 
determined by the application of the three condition equations for 
static equilibrium" (8). In this study there a.re six unlmown 
reactions, therefore the frame is indeterminant to the third degree. 
The principle of virtual work (6) was used to define three more 
conditional·equations so that the solution for the reactions could 
be determined. The method and equations necessary for computing 
7 
the reactions are introduced. in Appendix B. Phase II of the computer 
program in Appendix A illustrates the method of analysis for the 
example structural frame. 
To compute the moment of inertia, I, for the haunches, the 
following assumptions were mades 
1. The bottom flange of the haunch was assumed to extend to 
the centerline of the adjoining member. 
2. The haunch length (see Figure 1) was divided into five 
equal parts with the value for I at the midpoint of each 
section used as an average for that section. 
These assumptions for computing I were considered to be conservative, 
especially for the area where the haunches intersected. 
c. Formulation of Constraint F.guations 
Constraint equations are usually in the form of inequalities. 
These inequalities restrict areas for which each variable may 
venture. In structural design these inequalities are usually 
limitations set down by the design code but may also be personal 
limitations imposed by the designer. The structure is finally 
accepted when it fulfills this set of design requirements. These 
requirements can be classified as follows& 
1. geometric requirements 
2. stress requirements 
J. deflection requirements 
All requirements determined by the design code are according to the 
AISC Specification (14) and can be defined as follows 1 
1. Geometric Requirements 
8 
The specifications require a certain amount of limitation 
on the geometric shape of the structural members. For a lmee type 
haunch, the unbraced length, Lii, should not be more than six times the 
flange width. Also for beams and columns the width of the flange is 
restricted by 
(1) 
However, this inequality does not put a minimum width restriction on 
bf. The designer must now use his engineering experience and judgement 
to set certain limitations, such as 
(2) 
In order to allow provisions for greater nexibility to the designer 
other lower limits, such as 
and 
were used. The AISC Specification also recommends that 
and 
where 
¾c < 14 X 106 � 
JFy(16,500 + Fy) 
dwb � 
14 x 106 \, 
� iFy(16,500 + Fy) 
bf = width of flange 
dwb = depth of web of beam 
¾hal = lower limit on depth of web of beam 
dwc = depth of web of column 
dwcal = lower limit on depth of web of colunm 
Fy . 
= allowable yield point of steel 








2. Stress Requirements 
'!he AISC Specification recommends that the following 
stresses should be checked1 
a. Pure Bending 
Allowable tension on extreme fibers 
Fb = 0. 60Fy 
(AISC Specification, s�. 1.5.1.4.4) 
and allowable compression on extreme fibers, use the larger value 
computed by equations 10 or 11. 
Fb = 12,000,000 l.d!At: 




= area of compression fia.nge 
Fa = axial stress that would be permitted if' axial force 
alone existed 
Fb = compressive bending stress that would be permitted if 
bending moment alone existed 








d = depth of column 
1 = unbraced length of the compression flange 
r = governing radius of gyration 
b. Combined Axial Load and Bending 
When fa/Fa -<, ·0. 15, 




Cm= coefficient applied to �ending term in interaction formula 
F� = Euler stress divided by factor of safety 
fa= computed axial stress 
Fb = compressive bending stress that would be permitted if 
bending moment alone existed 
c. Shear Stress 
The allowable web shear stress, Fv, should be based 
on the gross area of the web. 
12 
Fv = 0, 40Fy (14) 
(ALSC Specification, Sec, 1, 5, 1, 2) 
3, Deflection Requirements 
The structure should be made stiff enough so that a glass 
block wall or a plate glass window will not yield due to deflection, 
Also, in some situations, the matter of appearance should be 
considered, A beam tha.t has an observable sag may cause its occupants 
to feel unsafe in the structure. Therefore, the deflection can be 
expressed. in terms of some allowable limits, such as 
in which 
Wi = deflection due to the applied load 
Wi min= lower limit of deflection 
Wi max= upper limit of deflection 
(15) 
However, deflection was not considered as one of the constraint 
equations in this study. It was felt that the designer could check 
the deflections after the optimum design was obtained to determine if 
the actual deflections met his requirements, 
D. The Cbjective Function 
The objective function is the linear equation that is to be 
optimized. In the objective function, the coefficients of the 
variables are their "cost", which in this problem is unit weight, The 
linear programming technique seeks values for the variables which 
w1l.1 optimize the objective function while meeting the requirements 
of all of the imposed constraints equations. When the objective 





cj = cost coefficients 
Xj = design variables 
The cost coefficients can be thought of as being the penalty of 
using another unit or a design variable. Therefore, increasing the 
size of a design variable, increases the overall cost of the 
structure. In this study, new cost coefficients were computed each 





THE EXAl-1FLE PROBLEM 
A. Variable Parameters 
The following example deals with the optimization of a two-bay, 
one-story steel frame with haunches as shown in Figure 2. The 
haunches are considered to be of the double knee type as illustrated. 
in Figures J-, 4 and 5. The entire steel frame is to be constructed 
of welded plate members. It is assumed that the frame is to be 
subjected only to a uniformly distributed roof load "W" covering 
both bays. Loads covering only one bay or horizontal loads, such 
as the wind and earth pressures which could also be imposed on the 
structure, were neglected. To eliminate all lateral buckling problems, 
the upper deck and columns are assumed to be fully supported. The 
1969 AISC Specification and A-36 steel are adopted for this problem. 
The reactions at the hinged supports were obtained by the method of 
virtual work. Phase II of the computer program shown in Appendix A 
gives a complete analysis for the determination of the redundant 
support reactions and the equilibrium equations needed to solve the 
example problem. A list of all synibol notations used in the analysis 
and the computer program is given in Appendix D. 
D i I ! ! ! I U nlform Load 0 W" I ! I ! I I l j 
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Figure J. Left Haunch 
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Figure 4. Center Haunch 
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Figure 5. Right Haunch 
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The solution to the example problem involves the optimization 
of the following nonlinear objective function, expressed as a function 
of 
F(X) = Weight 
This equation is shown in the l.ast pa.rt of Phase VI of the computer 
program of Appendix A. 
The constraint equations imposed are those developed in 
Chapter II for geometric requirements and stress requirements. The 
geometric requirements are expressed as follows, 
also 






applied for beams 1 and 2, 
applied for haunches 1 through 8. The stress requirement for pure 
bending is defined as a 
where 




en = distance from neutral axis to stressed fiber at point n 
1n = moment of inertia at point n 
n = points considered for investigation are from 1 through 20 
(see Figure 2) 
Also the stress requirements for combined axial plus bending are 
defined as follows1 
When P/Fa ,< 0. 15, 




P = axial force for column under investigation 
n = points considered for investigation are 21, 22 and 23 
(see Figure 2) 
For the nonlinear constraint equations 2J, 24, 25 and 26 
and the nonlinear objective equation 17 the first order of Taylor's 
expansion was used to approximate linear terms. The linear terms 
21 
of the Taylor's series for a nonlinear function of n variables are (4) 
F(x) 
The variables (x0 ) for the Taylor's series will either be the initial 
trial set by the designer or the solution to the linear programming 
problem set by the previous cycle. The linearization of the 
nonlinear expressions 2J, 24, 25 and 26 and the computations for the 
required sensitivity coefficients of aij and bi are shown :within 
Phases III, IV and V of the computer program in Appendix A. Also 
the linearization of the nonlinear objective equation 17 along with 
the computations of the required cost coefficients cj are shown in 
Phase V of the computer program. The computed linear expression for 
the objective function was used only in the solution of the linear 
programming problem. The actual weight of the structure was computed 
from the nonlinear equation 17. To determine the validity of the 
objective function and the computer program a numerical example was 
tried. The following input data were used.a 
½_ (length of span 1) 
½ (length of span 2) 
W ( uniform load) 
Fy (yield strength or steel) 
E (modulus of elasticity) 
per (difference in a variable between trials) 
n (number of variables) 
m (number or constraint equations) 
H (height of column) 
Ai, A2, 
••• Aa (length of haunch) 
dwc1• dwc 2, <iwcJ (depth of web of column) 
<iwl,1, �2 (depth of web of beam) 
<\.rh1, ¾h2 • • • • ¾h8 (depth of web of haunch) 
br (width of flange) 
t (thickness of web) w 
tr (thickness of flange) 
upper limit of A1, ¼• ••• Aa 
upper limit of br 
upper limit of ¾c 1 • dwc 2, dwc 3 
upper limit of <iwl,1, dwb2 
upper limit of ¾h1 , ¾h2, 
• • • 
�h8 
upper limit of tr 
upper limit of tw 
= 240 inches 
= 240 inches 
22 
= 1.50 lbs. /inch 
= 36, 000 psi 
6 
= 29 X 10 psi 
= 0. 001 
= 22 
= 44 
= 180 inches 
= 36. 00 inches 
= 30. 00 inches 
= J0. 00 inches 
= 42. 00 inches 
= 10. 00 inches 
= 0. 50 inches 
= 0. 3125 inches 
= 92. 00 inches 
= J0. 00 inches 
= 60. 00 inches 
= 60.00 inches 
= 92. 00 inches 
= 2. 00 inches 
= 2. 00 inches 
lower limit or �al 
lower limit of <iwbal 
B. Optimization Results 
= 10,00 inches 
= 10. 00 inches 
The bending moment diagram for the two-bay, single-story frame 
is maximum at the.connection.and decreases to a zero value at the 
inflection points or the beams and at the hinged supports or the 
colunms. The double lmee type haunch lfQS �sswned to approximate to 
a great extent the shape of the bending moment diagram. However, 
after completing the first few cycles or the solution procedure the 
double lmee type haunch was reduced to the single knee type (see 
Figure 6). The program also yielded the maxi.mum limiting value for 
the haunch length. This latter result was not surprising since the 
configuration of the haunch tends to resist the bending moment at the 
corner. If no limitations were imposed on the depth or the beams or 
columns, the haunch would have extended approximately to the points 
or zero moment. 
In this investigation the computer program was written to 
optimize a double knee haunch, The reduction to the single lmee type 
haunch was not expected. and therefore violated the intended require­
ments of the computer program, This violation of the intended logic 
yielded unacceptable results for future cycles. 
In spite of the fact that a single lmee haunch is lighter, 
more economical and even easier to construct than the double lmee 
type, this investigation was limited to the double lmee haunch. The 
23 
Figure 6. Single Knee Haunch 
24 
amount of effort and time limitation made revisions impossible, 
however, for any future studies such results should be taken into 
consideration. 
The previous numerical example gave the results shown in 
Table I for the first three eyeless 
25 
26 
TABLE I. NUMERICAL RESULTS 
Program Symbol * Cycle #1 Cycle #2 Cycle #3 
Number (inches) (inches) (inches) 
1 � 0. 3125 0. 3125 0. 3125 
2 dwc1 10. 0000 10. 0000 60. 0000 
J ¾c2 10. 0000 10. 0000 10. 0000 
¾cJ 10. 0000 10. 0000 60. 0000 
5 �h1 92. 0000 10. 0000 60. 0000 
6 h2 92. 0000 92. 0000 92. 0000 
7 �hJ 60. 0000 60. 0000 60. 0000 92. 0000 92. 0000 92. 0000 wh4 
9 �h6 60. 0000 60. 0000 53.8742 
10 wh7 92. 0000 92. 0000 92. 0000 
11 dwh8 92. 0000 10. 0000 60. 0000 
12 ¾b1 60. 0000 60. 0000 60. 0000 
13 d
tr
2 60. 0000 60. 0000 53.8742 
14 0. 3125 0. 9487 0. 3125 
15 br 9. 8821 30. 0000 9.8821 
16 A1 62. 0000 62. 0000 62. 0000 
17 A2 87. 0000 5.0000 72. 0000 
18 A3 92. 0000 92. 0000 92. 0000 
19 A4 60. 0000 60. 0000 60. 0000 
20 A6 92. 0000 92. 0000 92. 0000 
21 
� 
87.0000 5.0000 72. 0000 
22 62. 0000 62. 0000 65. 0629 
* See listing of symbol notations, Appendix D. 
CHAPTER IV 
SUMMARY AND CONCLUSIONS 
A. General Summary 
The structural engineer is frequently asked to design a frame 
for a building, bridge or etc. In such frames the codes of practice 
usually recommend the use of double knee haunches. Therefore, seeking 
an economical design which will benefit the structural engineer, 
optimization of the two-bay frame with double lmee haunches was 
undertaken in this study. However, after deriving the objective 
function to minimize the weight of the structure without any 
consideration given to the fabrication cost element, the following 
conclusions were derived.a 
1. The single knee haunch contains less steel and is more 
economical th.an the double knee type. If the manufacturing 
cost is taken into consideration, the difference in cost 
between the two haunches will be even greater. 
2. The cross-section of the adjoining beams and colunms 
imposes length limitations on the single knee haunch. 
J. Where a larger computer core space is available additional 
constraint equations should be applied to better define 
the configuration of the haunches. These constraint 
equations can be derived from the limitation that the 
·depth of web of the haunch has to be l�ss than the length 
of the adjoining haunch and greater than the depth of 
web of its adjoining beam or column. 
B. Future Areas of Study and Research 
1. Optimizing a single-story, two-bay steel frame utilizing 
single haunches at the rigid connections. The application 
of the single haunch would reduce the number of variables 
allowing more computer core s�ce for additional 
constraint equations. 
2. It is often required to design a continuous highway 
bridge constructed of built up girders a?Xi resting on 
two simply supported abutments at the ends with a pier 
support in the center. A high degree of _similarity exists 
between the two-bay frame and the continuous bridge 
problem, however, the latter would have fewer variables 
because of the reduction from three columns to only one. 
Also, the large number of applications for the bridge 
in connnon practice justifies the application of a 
computer program to minimize cost. 
). A simply supported beam acted upon by a uniformly 
distributed load will have a parabolic bending moment 
diagram. It is advantageous to optimize the design of 
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X ! H 6 7 = ( 0 . 3 4 3 * C 8 * A6 * * 3 ) t ( 0 . 4S * C 7 * A 6 * * 2 ) & ( C . 7*C 6*A 6 ) &C 5  
X I H 6 9 = ( 0 . 7 2 9 * C 8 * A6 * * 3 ) & ( 0 . 8 l * C 7 * A 6 * *2 l & ( 0 . 9*C 6*A6 ) &C 5  
C �□ � E N T  O F  I N E R T I A  O F  H AU NC H  NUM B E R  7 
SH 7 � ( 0 W H 7- 0 W 82 ) / A7  
C 
C l = T h H 7 / 1 2 . 0  
C 2= C W C 2  
C 3 = ( E F H 7 * T F H 7 ) / 2 . 0 
C 4 = 0 � 8 2 t T F H 7  
C 5 = ( C l * C 2 * * 3 ) & ( C 3 *C 4 * * 2 ) 
C 6 = ( ( 3 . 0 * C l * C 2 * * 2 ) & ( 2 . 0 * C 3 * C 4 l ) * S H 7  
C 7 = l ( 3 . 0 * C l *C 2 ) & ( C 3 ) ) * S H 1 * * 2  
C 8 = C l * S H 7 * * 3 
X l H 7 1 = ( 0 . 0 0 l * C 8 * A7 * * 3 ) & C O . O l *C 7 * A 7 * * 2 ) & ( 0 . l *C 6 *A 7 ) &C 5  
X I H 7 3= ( 0 . 0 2 7 * C 8 * A7 * * 3 � � { 0 . 0 9 *C 7 * A 7 * * 2 l & ( 0 . 3 *C 6 �A 7 ) tC 5  
X I H 7 5 = ( 0 . l 2 5 * C 8 * A7 * *3 ) & ( 0 . 2 5*C 7 * A 7* * 2 l � ( 0 . 5*C 6 * A 7 ) &C 5  
X I H 7 7= ( 0 . 3 4 3 * C 8 * A7 * * 3 ) & ( 0 . 49 *C 7 * A 7 * * 2 ) & ( 0 . 7*C 6 * A 7 ) &C S  
X I H 7 9 = ( 0 . 7 2 9 *C 8 * A 7 * * 3 ) & ( 0 . 8 l *C 7 * A 7 * * 2 ) & ( 0 . 9 * C 6 * A 7 ) &C 5  
� O � � N T  O F  I N E RT I A  O F  H AUNC H NUM B E R  8 
S H 8 = ( D W H 8- 0 WC 3 ) / A 8 
C l = T hH 8 / 1 2 . 0  
\.,.) '° 
C 2 = D hC 3  
C 3 = ( B F H 8 * T F H 8 ) / 2 . 0  
C 4 = C �C 3 & T F H 8  
C 5 = ( C l * C 2 * * 3 ) � C C 3 * C 4 * * 2 ) 
C 6 = { ( 3 . 0 * C l * C 2 * * 2 ) & ( 2 . 0 * C 3 * C 4 ) ) * S H8  
C 7 = l ( 3 . 0 * C l *C 2 ) & ( C 3 ) ) * S H 8 * * 2  
C 8 = C l * S H 8 * * 3  
X I H 8 l = { 0 . 0 0 l * C 8 * A 8 * * 3 ) & ( 0 . 0 l * C 7 * t 3 * * 2 ) & ( 0 . l * C 6* A 8 ) &C 5  
X I H 8 3 = ( 0 . 0 2 7 * C B * A8 * * 3 ) & ( 0 . 0 9 *C 7 * A 8 * * 2 ) & ( 0 . 3 *C 6 � A 8 ) & C S  
X I H 8 5 = ( 0 . 1 2 5 * C 8 * A 8 * *3 l f. { 0 . 2 5 * C 7 * A 8 * * 2 l & { 0 . 5 *C 6 * A 8 ) & C 5  
X I H 8 7= ( 0 . 3 4 3 * C 8 * A 8 * * 3 ) & ( 0 . 4 9 * C 7 * A 8 * * 2 ) & ( 0 . 7*C 6 * A B ) &C 5  
X I H 8 9 = ( 0 . 7 2 9 * C 8 * h 8 * * 3 ) £ ( 0 . 8 l * C 7 * A 8 * * 2 ) & ( 0 . 9*C6*A8 l &C 5  
C C A L C U L A T E  T H E  F L EX I B I L I T Y COEF F I C I EN T S 
C D E T E R M I N E U A X O  
C 
X L = X l l f. X L 2  
X L 1 A = X l l - A 2 - A 3  
X L 1 B = X l l - A 3  
X L 2 A = X L 2- A 7 - A 6  
X L 2 B = X L 2- A 6  
O l = ( ( H * W * A 2 � * 2 ) / ( 6 0 . 0 * E ) ) * { ( 0 . 6 * X L- C . 0 8 * A 2 ) / X I H2 9 & { 1 . 8 * XL- 0 . 5 6* A 2 ) 
l / X l H 2 7 & { 3 . 0 * X L- l . 5 2 * A 2 ) / X I H 2 5 & ( 4 . 2 * X L- 2 . 9 6 * A 2 ) / X l H2 3 &  
2 ( 5 . 4 * X L - 4 . 8 8 * A 2 ) / X I H2 l ) 
0 2 = ( t X L 1 A * H * W ) / l l 2 . 0 * E *X I B l ) l * ( ( X L-A 2 ) & ( ( 2 . 0 * X L l A &4 . 0 * A 2 ) *  
l ( X L- { X L l A & 2 . 0 * A 2 ) / 2 . 0 ) ) & ( X L *XL 1 B- XL l B * * 2 ) )  
C l = X L * A 3 
C-2 = X L * X L 1 B * 6 . 0  
C 3 -= 6 . 0 * X L 1 B * *2 
C 4 = X l l B * A 3  
C S = A  >:� * 2 
C 3 = t ( A 3 * H *W ) / ( 6 0 . c � : > l * l ( 0 . 6*C l & C 2-C3- 0 . B*C 4-0 . 0 8 * C 5 ) / X I H3 l &  
l ( l . 8 * C l &C 2-C 3 - 3 . 6 * C 4 - 0 . 5 6 *C 5 ) / X l H 3 3 � ( 3 . 0 *C l &C2-C3-6 . 0 *C 4- l . 5 2 * C 5 ) 
2 / X I H 3 5 & ( 4 . 2 *C l & C 2-C 3- 8 . 4 *C 4- 2 . 96 * C S ) / X I H3 7 &  
3 ( 5 . 4 *C l &C2 - C 3- 1 0 . 8 *C4-4 . 8 8 *C 5 ) / X I H 3 9 ) 
U A X O =- ( 0 U: 0 2 & 0 3 ) 
C E T E R M I N E  U B YO 




l t ! 0 . 5 6 * X L- 0 . 1 8 0 * A 2 ) / X I H 2 7 & ( 1 . 5 2 * X L - 0 . 7 8 0 * A 2 ) / X I H 2 5  
2 � ( 2 . 96 * X L- 2 . l O O * A 2 ) / X I H 2 3 & ( 4 . 8 8 *X L- 4 . 4 2 8 * A 2 ) / X i H 2 1 ) 
0 2 = ( { W * X L 1 A ) / ( 1 2 . 0 * E * X I B 1 ) ) * ( X L 2 / { X l l & XL 2 ) ) * ( ( ( X L * A 2 * * 2 -A 2 * * 3 l &  
l { A 2 * ( X L l A � 2 . 0 * A2 ) �' ( X L- X L l A / 2 . 0- A 2 } ) ) t ( ( X l l B * ( X L l B & 2 . 0 * A 2 ) *  
2 ( X L- X L l B / 2 . 0- A 2 ) ) & ( X L * X l l B * * 2-X L l B * * 3 ) ) ) . 
C l = { 6 . 0 * X l * X l l * * 2- 6 . 0 * X l l ** 3 ) 
C 2= X L * X l l * A 3  
C 3 = A 3 * X L 1 * * 2  
C 4 =  X L  1 )!: A 3  * "-' 2 
C 5 = X L * fl 3 * * 2  
C 6 = A 3 * * 3  
0 3 = { l A 3 * W } / ( 6 0 . 0 * E ) ) * ( X L 2 / ( X L l & XL 2 ) ) * { ( C l - 1 0 . 8 * C 2 & 1 6 . 2 * C 3- 1 4 . 6 4* C 4  
_ .: \ . 8 8 *C 5 & 4 . 4 2 B * C 6 } / X I H 3 l & { C l- 8 . 4 * C 2 & 1 2 . 6 *C 3- 8 . 8 8 * C 4 & 2 . 9 6* C 5 &  
2 2 . 1 o o � C 6 ) / X I H 3 3 & ( C l -6 . 0 �: c 2 � 9 . o * C 3- 4 . 5 6 * C 4 & 1 . 5 � �C 5 & 0 . 7 8 0 *C 6 ) / X I H3 5 & 
3 l C l - 3 . 6 * C ? & 5 . 4 * C 3- l . 6 8 *C 4 E 0 . 5 6 * C 5 & 0 . 1 8 0 *C 6 ) / X I H 3 7 & ( C l - l . 2 * C 2 & 
4 l . B * C 3- 0 . 2 4 *C 4 & C . O B * C 5 & 0 � : � 2 * C 6 ) / X I H 3 9 )  
0 4 = l l � * A 7 * * 3 ) / ( 6 0 . 0 * E ) l * ( X l l / ( X l l � X l 2 ) ) * ( ( 0 . 0 6*XL-0 . 0 1 0 * A 7 ) / X I H7 9  
l & ( C . 5 6 * X L -0 . 1 8 0 * A 7 ) / X I H 7 7 � C ? � 5 2 * X L- 0 . 7 8 0* A 7 ) / X I H 7 5 & ( 2 . 9 6 * X L - 2 . 1 0 0  
2 * A 7 ) / X I H 7 3 & ( 4 . 8 8 *X L -4 . 4 2 8 * A 7 ) / X I H 7 1 } 
0 5 = ( l W * X L 2 A ) / ( 1 2 . 0 * E * X I B 2 ) ) * { X L l / ( X L l &X L 2 ) ) * ( ( ( X L * A 7* * 2- A 7* * 3 ) & ( A7 
l * ( X L 2 A � 2 . * A 7 } * ( X L- X l 2 A / 2 . - A7 ) ) ) & ( ( XL 2 B * ( Xl 2 8 & 2 . * A 7 ) * ( XL-XL 2 8 / 2 . 0 
2 - A 7 ) ) & ( X L * X L 2 B * * 2-X L 2 8 * * 3 ) ) )  
C l = ( 6 . 0 * X L * X L 2 * * 2-6 . 0 * X L 2 * * 3 l 
C 2 = X L * X L 2 * A 6  
C 3 = A 6 * X L 2 i; ·:: 2 
C 4 = X L 2 * A 6 * �: 2  
C 5 = X l * A 6 * * 2  
C 6 = . � 6 * * 3  
0 6 = ( ( A 3 * W ) / l 6 0 . 0 * E l ) * ( X L 1 / ( X l l & X L 2 ) ) * ( ( C l- 1 0 . 8 * C 2 & l 6 . 2 * C 3- 1 4 . 6 4 * C 4  
1 � 4 . 8 8 * C 5 £ 4 . 42 8 * C 6 ) / X I H6 l & ( C l -8 . 4 * C 2 � 1 2 . 6 * C 3-8 � 8 8 *C 4 & 2 . 9 6 *C 5 
2 � 2 . l C O * C 6 ) / X l H 6 3 & ( C l -6 . 0 * C 2 � 9 . 0 *C 3- 4 . 5 6 * C �& l . 5 2 *C 5 & 0 . 7 8 0*C 6 ) / X l H 65  
3 t ( C l- 3 . 6 * C 2 t 5 . 4 * C 3- l . 6 8 *C4 &0 . 5 6 *C 5 & 0 . 1 8 0*C6 ) / X I H6 7 & ( C l- l . 2 *C 2 &  
4 1 . B * C 3- 0 . 2 4 * C � & 0 . 0 8 *C S & O . O l 2 �C6 ) / X I H6 9 ) 
U B Y O = - ( O l & C 2 & 0 3 & 04 & 0 5 & 06 ) 
D E T E R � I N E U CX O  
C l = ( 6 . 0 * X L *X L 2 8-6 . 0 * X L 2 B * * 2 ) 
+:" ..... 
l ( ( C l £ 1 . 2 *C 2 & 0 . 0 8 * C 3 ) / X I H 8 l & ( C l & 3 . 6 * C 2 & 0 . 5 6*- C 3 ) / X I H 8 3 
2 � ( C l t 6 . 0 * C 2 & 1 . 5 2 * C 3 ) / X I H 3 5 � ( C l & 8 . 4 *C 2 & 2 . S 6 * C 3 } / X I H 8 7 
3 £ ( C l £ 1 0 . 8 * C 2 £ 4 . 8 8 * C 3 ) / X ! H 8 9 ) ) & 
4 ( ( ( 0 . 2 * A 7 * H * * 2 ) / E ) * { l . O / X I H 7 9 & l . O / X [ H 7 7 & 1 . 0 / X ! H 7 5 & 1 . 0 / X I H 7 3 &  
5 1 . 0 / X I H 7 l )  ) & � ( ( X L 2- A 7- A 6 ) * H * �: 2  ! / ( E >.� X ! B 2 )  ) & (  ( i 0 . 2 * A 6 * H * * 2 ) / E ) * 
6 ( l . O / X I H 6 l & l . O / X I H 6 3 & 1 . 0 / X I H 6 5 & 1 . 0 / X I H 6 7 & 1 . 0/ X I H 6 9 ) ) & F A XC X  
C C E T E R M I N E F AX B Y  E Q U A L S  F B Y A X  
F A X B Y = ( ( ( H * X L 2 * A 2 * * 2 ) / ( 1 0 . 0 * E * ( X L 1 E X L 2 ) ) ) * ( 0 . 2 / X I H 2 9 & 0 . 6 / X I H2 7 &  
l l . O / X I H 2 5 & l o 4 / X I H 2 3 & 1 . 8 / X I H 2 l ) } & 
2 (  l ( ( X L l - A 2 - /3 ) * H *X L 2 ) / ( 2 . 0 * E *X I B l * ( X L l & XL 2 ) ) ) * ( XL l & A 2- A 3 ) ) �  
3 ( ( ( A 3 � H * X l 2 ) / ( l O . O * E * l X L l � X L 2 ) ) ) * ( ( X L l- 0 . 8 * A 3 ) / X I H 3 l & ( X L l-0 . 6 * A 3 ) 
4 / X I H 3 3 t ( X l l -0 . 4 * A 3 } / X ! H 3 5 & ( X l l - 0 . 2 * A 3 ) / X l H 3 7 � Xl l / X l H 3 9 ) ) 
F B Y A X = F A X B Y  
C C E T � R � I N E F B Y B Y  
C 
O l = ( A 2 * * 3 / ( 3 0 . 0 * E l ) * ( ( X l 2 / ( X l l & X L 2 ) l ** 2 ) * ( 0 . 0 8 / X I H 2 9 & 0 . 5 6 / X I H2 7 &  
l l . 5 2 / X I H 2 5 & 2 . g 6 / X I H 2 3 & 4 . 8 8 / X I H2 1 ) 
D 2 = ( X l l A / t 6 . 0 * E * X I B l ) ) * ( ( X L 2 / ( X l l & X L 2 ) ) * * 2 ) * ( ( A 2* ( 2 . 0 * A 2 & Xl l B ) ) & 
l ( X l l 8 � ( A 2 & 2 . 0 * X L 1 B ) ) )  
C l = 6 . 0 * X L 2 8 * * 2  
C 2 = X L 2 t H A 3  
C 3 = A 3 * * 2 
0 3 = ( A 3 / ( 3 0 . 0 * E ) ) * { ( XL 2 / ( X l l & X L 2 ) ) * * 2 ) * ( ( C l & l . 2 * C 2 & 0 . 0 8* C 3 ) / X I H 3 1  
l t ( C l � 3 . 6 * C 2 & 0 . 5 6 *C 3 ) / X I H 3 3 £ { C l � 6 . 0 * C 2 & 1 . 5 2 * C 3 ) / X I H 3 5  
2 £ ( C l £ 8 . 4 * C 2 £2 . 9 6 * C 3 } / X I H 3 7 & ( C l & l 0 . 8 *C 2 & 4 . 3 8 *C 3 ) / X I H 3 9 )  
0 4 = ( ( A 7 * * 3 / ( 3 0 . 0 * E ) ) * ( X L 1 / ( X l l & X L 2 ) ) * * 2 ) * ( 0 . 0 8 / X I H 7 9 & 0 . 5 6 / X I H 7 7  
l E. " l . 5 2 / X l H 7 5 & 2 . 9 6 / X I h 7 3 &4 . 8 8 / X I H 7 1 ) 
0 5 = ( X L 2 A / ( 6 . 0 � E * X I B 2 ) ) * ( ( X l l / ( X l l & � L 2 ) ) * * 2 ) * ( ( A 7 * ( 2 . 0 * A 7 & X L 2 8 ) ) & 
l ( X L 2 8 �' ( A 7 l: 2 . 0 * X L2 B ) ) )  
C 2 = X L 2 B * A 6  
C 3 = A 6 >� * 2  
0 6 = { A 6 / ( 3 0 . 0 * E ) ) * ( ( X l l / ( X L l & X L 2 ) ) * *2 ) * { ! C l & l . 2 *C 2 & 0 . 0 8 * C 3 ) / X I H 6 l  
l E ( C l E 3 � 6 * C 2 &0 . 5 6 * C 3 ) / X I H 6 3 & ( C l &6 . 0 * C 2 & 1 . 5 2 *C 3 ) / X 1 H 6 5  
2 £ ( C l & 8 . 4 *C 2 & 2 . 96 * C 3 ) / X I H 6 7 & ( C l & l 0 . 8 *C 2 & 4 . 8 8 *C 3 ) / X I H6 9 ) 
F B Y B Y = D l & 0 2 & 0 3 C 0 4 C D 5 � 0 6  
D E T E R M I N E F 8 Y C X  E Q U A L  F C X B Y  
O l = ( ( H * X l l * A 7 * *2 ) / ( l 0 . 0 * E * ( X l l & X L 2 ) ) ) * ( 0 . 2 / X 1 H 7 9 & 0 . 6 / X I H 7 7  
� 
l\) 
C 2 = X L * A6 
C 3 = X L 2 B * A 6  
C 4 = t\ 6 * * 2  
U C  X C = ( ( H * � ;  * A 7 * * 2 ) / ( 6 0 • 0 * E ) ) * ( ( 0 • 6 >:c X L - 0 • 0 8 * A 7 )  / X I H 7 9 & ( l • 8 * X L - 0 • 5 6 * 
l A 7 ) / X I H 7 7 £ ( 3 . 0 * X L- l . 5 2 * A 7 ) / X I H 7 5 :· i 4 . 2 * X L- 2 . 9 6 * A 7 ) / X 1 H 7 3 & ( 5 . 4 * X L-
2 4 . 8 8 t A 7 ) / X l H 7 l ) & ( ( ( X l 2 A * H * W ) / ( 1 2 . 0 * E * X I B 2 ; ) * ( ( X L- A 7 } & ( 2 . 0 * X l 2 A & 4 . 0  
3 * A 7 ) * ( X L- ( X l 2 A t 2 . 0 * A 7 ) / 2 . 0 ) & ( X l *X L 2 b- X l 2 B** 2 ) ) ) & ( ( A 6 * H * W ) / ( 6 0 . 0 * 
4 E l ) * ( ( C l & 0 . 6 * C 2- 0 . 8 * C 3 - 0 . 0 8 * C 4 ) / X I H6 l � { C l & l . 8 *C2- 3 . 6 * C 3- 0 . 5 6 * C 4 ) /  
5 X I H 6 3 t { C l & 3 . 0 * C 2 -6 . 0 * C 3- l . 5 2 *C 4 ) / X l H 6 5 & ( C l & 4 . 2 * C 2- 8 . 4*C 3-2 . 9 6 * C4 ) /  
6 X I H 6 7 & ( C l & 5 . 4 * C 2- 1 0 . 8 * C 3- 4 . 8 8 * C 4 ) / X I H69 ) 
C C E T E R � I N E F A X C X  E QU AL S  F C XAX  
H l = H- A l  
C 
C 
H 2 = H - A4 
H 3 = H - A 8 
C l = 6 . 0 * H 2 * * 2  
C 2 = H 2 * A 4 
C '3 = A 4 * * 2  
F A X C X = ( H 2 * * 3 ) / ( 3 . 0 * E * X I C 2 ) & ( ( A4 / ( 3 0 . C*E l ) * ( ( ( C l & l . 2 *C 2 & 0 . 0 8 *C 3 l /  
1 X I H 4 l ) � ( ( C l & 3 . 6 *C 2 & 0 . 5 6 * C 3 ) / X I H4 3 ) & ( ( C l & 6 . 0 *C 2 & 1 . 5 2 *C 3 ) / X I H 4 5 ) & 
2 ( ( C l � 8 . 4 * C 2 � 2 . 9 6 *C 3 ) / X I H47 ) & ( ( C l & 1 0 . 8 *C 2 &4 . 8 8 *C 3 ) / X I H 49 ) ) )  
F C X A X = F A X C X  
C E T E R f'-� I N E  F A X A X  
C l = 6  .. 0 �= H l * * 2  
C 2 = H l * A l  
C 3 = A l * * 2  
F A X A X = ( H l * * 3 / ( 3 • 0 :._'( � n-: � c: .� ) ) & { ( A l / ( 3 0 • 0 * E ) ) * ( ( ( C l & l • 2 * C 2 £. 0 • 0 8 * C 3 ) / 
l X I H l l ) & ( ( C l &3 . 6 * C 2 & 0 . 5 6 * C 3 ) / X I H 1 3 J t ( ( C l & 6 . 0*C 2 & l . 5 2 *C 3 ) / X I H l 5 ) &  
2 ( { C l & 8 . 4 * C 2 & 2 . 9 6 *C 3 ) / X I H 1 7 ) & ( ( C l & l 0 . 8 *C 2 & 4 . 8 8 *C 3 ) / X I H 1 9 ) ) ) & ( { ( 0 . 2  
3 � A 2 * H * * 2 ) / E ) * ( l . O / X l H 2 9 & 1 . 0 / X I H2 7 & 1 . 0 / X I H2 5 & l . O / X I H 2 3 & 1 . 0 / X I H 2 1 ) ) 
4 t ( ( ( X L l - A 2 - A 3 ) * ( H * * 2 ) ) / ( E * X I B 1 ) ) & ( ( ( 0 . 2 * A 3 *H**2 ) / E ) * ( l . O / X l H 3 1 &  
5 l . O / X I H 3 3 & 1 . 0 / X I H 3 5 & 1 . 0/ X I H 3 7 & 1 . 0 / X I H 3 9 ) ) & F A X C X  
D E T t R r-� I N E F C X C X 
C l = 6 . 0 * H 3 * * 2  
C 2 = H 3 * A 8  
C 3= A 8 * * 2  
FCXC X= ( ( H3 * * 3 ) / ( 3 . 0 *E * X I C 3 ) ) & ( ( A8 / ( 3 0 . 0 * E ) ) *  � 
1 E l . O / X I H 7 5 & 1 . 4 / X I H 7 3 & 1 . 2 / X I H7 1 ) 
0 2 = ( ( X L 2 - A 7 - A6 ) * ( X L 2 & A 7- A 6 ) � H *X L 1 ) / ( 2 . 0* f * X I B 2 * ( X l l &X L 2 ) ) · 
0 3 = ( ( A 6 * H � X l l ) / ( 1 0 . 0 * E * ( Xl l & XL 2 ) ) ) * ( t ( X L 2-0 . 8 * A6 ) / X I H 6 l } &  
l ( { X L 2- 0 . 6 * A 6 ) / X I H6 3 ) & ( ( X L2-C . 4 *A6 ) / X I �- � J l & ( ( X L 2-0 . 2 *A6 ) / X I H 6 7 ) &  
2 ( X L 2 / X ! i  :;; ) ) 
F B Y C X=- ( C l � D 2 & 0 3 ) 
F ex e y = F B y  C X 
C S O L V E  F C R  R E AC T I O N S  
C l = U B Y O * F A X A X-U A X O * F bY A X 
C 2 = F A X A X * F B Y B Y - F B Y AX ;- F A X B Y 
C 3 = F A X A X * F B Y C X - F BY A X * F AX CX 
C4 = u C X O * F A X A X-U A XC * F C X A X  
C 5 = F C X B Y * F A X A X- F C X A X * F A X B Y 
C 6 = F C X C X * F A X A X - F C X A X *F A X CX 
R C X =- ( C 2 * C 4-C l * C 5 ) / ( C 2 *C 6- C 3 *C S ) 
R B Y = - ( C l � C 3 * RC X ) / C 2  
R A X = - ( U A X C & F A X B Y * R B Y & F AXCX*RCX } / F A X AX 
R B X = - R A X- R C X  
R C Y= ( ( ( � * ( X l l £ X L 2 ) * * 2 J / 2 ) - ( R BY * Xl l ) ) / ( Xl l & X L 2 ) 
R A Y = Vl * { X L l L  . '._ 2 ) - RC Y- R B Y  
W R I T E ( l 2 , 2 0 l ) R A X , R A Y , R B X , R B Y , RC X , RC Y  
2 0 1 F O R � A T ( l h l , '  R A X= ', E l 3 . 6 , ' RAY = ', E l 3 . 6 , ' RBX= ' , E l 3 . 6 , 1 RBY= 1 , 
1 E l 3 . 6 , '  R C X= ' , E l 3 . 6, '  R C Y = 1 , E l 3 . 6 ) 
W R I T E ( l 2 , 2 0 2 ) X I C 1 , X I C 2 , X I C 3 , X I 8 1 , X I B 2 
2 0 2  F O R � A T ( l �O , ' X I C 1 = ' , E l 3 � 6 , ' X I C 2= ' , E l 3 . 6 , ' X I C 3 = ' , E l 3 . 6 ,  
1 �  X I B 1 = ' , E 1 3 . 6 , ' X I B 2 = ', E l 3 . 6 ) 
� R I T E ( 1 2 , 2 0 3 ) U A X O , U B Y O , UCXO  
2 0 3  F C R � A T ( l H O , '  U A �O = ' , E l 3 . 6 , 1 U 8 Y0= 1 , E l 3 . 6 , 1 UCXO= ' , E l 3 . 6 ) 
� R I T E ( 1 2 , 2 04 ) f A X A X , FBY BY , F C X CX 
2 0 4  F O R M A T ( l H O , '  F A X A X = ' , E l 3 . 6 , '  F BY BY= ' , E l 3 . 6 , 1 F C XC X = ' , E l 3 . 6 )  
� R I T E C l 2 , 2 0 5 ) F AX BY , F A X C X , F B YCX  
2 0 5  F O R � A T ( l H O , '  F A X8 Y= 1 , E l 3 . 6 , t F AXCX= ' , E l 3 . 6 , 1 F BYCX= 1 , E l 3 . 6 ) 
R E T U R N  
E N O  
g 
P H A S E  1 1 1  
P H A S E  X X X X 0 3 , X X X X0 2  
s u e R CU T I N E X X X X 0 3 
C 
U l � E N S I O N A ( 4 5 , 6 8 ) , 8 ( 4 5 ) , C ( 6 8 ) , P P ( 2 2 )  
C O � � C N R A X , R A Y , R B X v R B Y , R C X � RCY  
c o � � CN S H 1 , SH 2 , S H 3 , S H4 , S H 5 , S H 6 , SH 7 , S H8  
c c � � CN X I C 1 , X I C 2 , X I C 3 , X I B 1 , X I B 2 
c o � � CN X L H 1 , X L H 2 , X L H 3 , X L H4 , X L H 5 , X L H 6 , X L H 7 , X L H 8  
c o r✓ rJ. C N  A , B , C , P P 
c o � � C N  P E R , O WC A L , D W B A L , H , X L 1 , X L 2 1 W , E , F Y , N , M  
c c � � CN U T W C 1 , U T W C 2 , U T W C 3 , UT W H 1 , U TW H 3 , U T WH7 , U T W B 1 , U T W B 2  
C O  rJ �1 C N l' C h' C l , U C  i,; C 2 , U O \� C 3 , U D \� H 1 , U D W H 2 , U D �; H 3 , L ;_. ·, I H 4 , U D �✓H 6 , i_· ;� l �  H 7 , U OW  H 8 
c o � � C N  U C � B l , U D W B2 , U T F C 1 , U T F C 2 , U T F C 3 , U T F H 1 , U T F H2 , UT F H 3 , U T F H4 , U T F H6 
C O � M CN U T F H 7 , U T F H 8 , U T F B l � u r F B 2 , U B FC l , U B F C 2 , U B F C 3 , U B F B 1 , UB F B 2  
C O � M C N  U A 1 , U A 2 , U A 3 , U A4 , U A6 , U A7 , U A 8  
C O  r-· fJ. C � T � C l , T \� C 2 , T W C  3 , HJ H 1 , nm 2 , T � '  H 3 ,  HI H !, , T W H 5 , HJ 1-: 6 , T �J H 7 , T W H 8 
c o � � CN T � B l , T � B 2 � o w c 1 , o w c 2 , o wc 3 , o wH l , D W H 2 , 0 WH3 , DW l ! 4 , C W H 5 , D W H 6 , D WH7  
c c ��CN  D � H 8 , 0 W B 1 , DW B 2 , T F C 1 , T F C 2 , T F C 3 , T F H 1 , T F H 2 , T FH 3 , T F H 4 , T F H 5 , T F H6 
c c � � CN T F H 7 , T F H8 , T F B 1 , T F B 2 , B FC 1 , B FC 2 , B FC 3 , B FH 1 , B F H2 , B F H 3 , B FH4 , B F H5 
C O � M ON B F H 6 , D F H7 , 8 F H 8 , A l , A 2 , A 3 , A 4 , A S , A6 , A7 , A8 , B F B 1 , BF B2 , 
O l tJ E t\ S I O N P ( 7 )  
W R I T E ( 1 2 , 6 2 0 ) 
6 2 0 F O R M A T ( '  E NT E R I NG PHA S E  X X X X 0 3 1 ) 
P { l ) = R A X  
P ( 2 ) = R A Y  
P D ) = R B X  
p { l, ) = R B  y 
P { :; ) = R C X 
P ( 6 ) = R C Y  
P ( 7 ) = W 
L E N G T H  O F  HAU N CH 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8  ( BO TTOM  FL ANGE L ENG T H ) 
S H 4 = ( 0 W H4-0 . 5 * 0WC2 ) / A4 
SH 5 = SH4  
X LH l = A l - ( ( ( OW H 2 - D W B l / 2 . 0 ) -S H2* ( 0WH l- CWC l / 2 . 0 ) ) / 





X L H 2 = A 2 - ( ( ( 0W H l- C W C l / 2 . 0 ) - S H l* ( OW H 2- 0 W B l / 2 . 0 ) ) /  
1 ( l . O & S H 1 * SH 2 ) ) 
X L H 3 = A 3- l ( D W H4- S H4 * ( DW H 3-0W B 1 / 2 . 0 ) ) /  
l ( l . C � S H 3 * S H 4 ) )  
X L H 4 = A 4 - ( ( ( 0 W H 3- 0W B 1 / 2 . 0 ) - S H 3* DW H4 ) /  
1 ( l . O � S H 3 * SH 4 ) ) 
X LH 5 = A4 - ( l l DW H 6- 0 W B 2 / 2 . 0 ) - S H6*DWH4 ) /  
l ( l . O C S H 4 * S H 6 ) )  
X L H 6 = A 6- ( { 0 WH 4- S H4* ( D W H 6- 0 W B 2/ 2 . 0 ) ) /  
l ( l . O f. S H 4 * S H 6 ) )  
X L H 7 = A 7- ( ( { D W H 8 - DW C 3 / 2 . 0 ) -S H8 * ( DWH7- 0 W B 2 / 2 . 0 ) ) /  
l ( l . C £ S H 7 * S H 8 ) )  
X LH 8 = A 8- ( ( ( D WH7- 0W 8 2/ 2 . 0 ) - S H7 * ( DW H8-0W C 3 / 2 . 0 ) ) /  
l ( l . O f. S H 7 * SH 8 ) )  
C O M P C T A T l ON O F  A ( I , J )  C O EFF I C I ENT MAT R I X  
t-' P l = � f. l 
t\C C L = N f. tJ, E: l  
D O  3 0 2  l = l , M P l  
B l l .) = O . O  
D O  3 C 2  J = l , NC O L  
3 ·02  A (  I , J ) = O . O  
D l = ( ( O � H 2-0 . 5 * DW B l ) - ( S H 2 * ( 0W H l-0 . 5 *0WC l ) ) )  
02 = ( 1 . 0 t: S H l * S H 2 ) 
0 3 = 0 2 * * 2  
A ( l , 2 ) =- ( ( 0 2 * ( 0 . 5* S H2 ) £D l * ( S H 2 / A l ) ) / 0 3 ) 
A ( l , 5 ) = ( ( 0 2 * S H 2 - 0 l * ( SH 2 / A l ) ) / 0 3 1  
A ( l , 6 ) = - ( 02 * ( 1 . 0 - { 0 W H l-Dh C l / 2 . 0 ) / A 2 ) -D l * ( SH l / A2 ) ) / 0 3  
A ( l , 1 2 ) =- ( 02 * ( ( 1 . 0 / A2 ) * l OW H l�OWC l / 2 . 0 ) - 0 . 5 ) &D l * ( SH l /A l ) ) / D3 
A l l , 1 5 ) =-6 . 0  
A ( l , 1 6 ) = 1 . 0- ( 0 l * ( S H l * S H 2 / A l ) ) / 0 3  
A ( l , 1 7 ) =- ( ( 02 * ( S H2 / �2 ) * ( 0W H l - D W C l / 2 . 0 ) ) & ( D l * ( S H 2 / A 2 ) * SH l ) ) /0 3  
O l = ( ( O WH l - O WC l / 2 . 0 ) - ( SH l * ( D W H2-DW B l / 2 . 0 ) ) )  
A ( 2 , 2 ) = - ( ( 0 2 * l ( O W H 2-0W B 1 / 2 . 0 ) / A l-0 . 5 ) &0 l* ( SH2/A l ) ) / 0 3 ) 
A ( 2 , 5 ) =- l l 0 2 * ( 1 . 0- ( C� H 2- DW B 1 /2 . 0 ) / A l ) - O l * ( S H2 / A l ) ) / 03 ) 
A ( 2 , 6 ) = ( ( D2 *S H 1- D l * ( S H 1 / A2 ) ) / 0 3 ) 
A C 2 , 1 2 ) =- ( ( 02 * S H l / 2 . 0 & D l * S H l / A2 ) / 0 3 ) 
5' 
A ( 2 , 1 5 ) =- 6 . 0  
A ( 2 , 1 6 ) =- ( ( D2 * ( S H l / A l ) * ( D W H 2- D W B l / 2 . 0 ) &D l * ( S H l /A l ) * SH 2 ) / 03 ) 
A ( 2 , 1 7 ) = 1 . 0- ( D l * SH l * S H 2 / A 2 ) / 0 3  
D l = ( C W H 4- S H 4 * ( 0 W H 3- 0W 8 1 / 2 . 0 ) )  
C 2 = ( 1 . 0 E. SH 3 * S H 4 ) 
0 3 = 0 2 * * 2  
A ( 3 , 3 ) = - ( { 0 2 * ( ( 0 W H 3 - C W 8 l / 2 . 0 ) / ( 2 . 0 * A4 ) ) & 0 l * SH 3 / ( 2 . 0*A4 ) ) / 0 3 ) 
A ( 3 , 7 ) = (  ( 0 2 � S H 4 } & ( D l * S H4 / A 3 ) ) / 0 3  
A ( 3 , 8 ) = - ( C 2 * ( 1 . 0- ( 0 W H 3-0 . 5 * D W B 1 ) / A 4 ) -D l * ( S H 3 / A 4 ) ) / 0 3  
A { 3 , 1 2 ) =- ( 0 2 * 0 . 5 * S H 4 & D l * ( S H 4 / A 3 ) ) / 0 3  
A C 3 , 1 5 ) =- 6 . 0 
A ( 3 , 1 8 ) = 1 . 0 - ( 0 l * SH4 * S H 3 / A 3 ) / 03  
A ( 3 , 1 9 } =- ( ( 0 2 * ( S H 4 / A4 ) * ( 0 ri H 3- 0 . 5 * 0 W B l ) & D l *S H 3 * S H 4 / A 4 ) / 0 3 ) 
D l = ( C W H 3 - 0 . 5 * DW B l l - ( S H 3 * ( DW H 4 ) ) 
A ( 4 , 3 } = - C l * ( S H 3 / ( 2 . 0 * A 4 ) ) / 0 3  
A ( 4 , 7 ) = - ( ( 0 2 * ( 1 . 0- ( C W H 4 ) / A 3 ) - 0 l * S H 4 / A 3 ) / D3 )  
A ( 4 , 8 ) = ( 0 2 * S H 3 & 0 l * S H 3 / A4 ) / 0 3 
A ( 4 , 1 2 ) =- ( ( D 2 * ( ( 0W H 4 ) / A 3 - 0 . 5 ) & D l* ( S H4 / A 3 ) ) / D 3 ) 
A ( 4. , 1 5 ) = - 6 • 0 
A ( 4 , 1 8 ) = - ( ( D 2 * ( S H 3 / A 3 ) * ( 0W H 4 ) & D l * ( S H 3 * S H4 / A 3 ) ) / 0 3 ) 
A { 4 , 1 9 ) = 1 . 0- ( D l * S H 3 * S H 4 / A 4 ) / 0 3  
C l = ( C W H 6- D w e 2 1 2 . o ) - S H6 * ( DWH4 ) 
C 2 = 1 . 0 & S H 4 * S H6  
0 3 = 0 2 ·:: :,:.: 2  
A ( S , 3 ) = - (  < D l * S H 6 ) / ( 2 . 0 * A 4 ) ) / 0 3 
A ( 5 , 8 ) = ( 0 2 * S H 6 £ D l * S b. 6 / A 4 ) / 0 3 
A ( 5 , 9 ) =- ( C 2 * C l . O - ( D h H 4 ) / A6 ) - D l * S H 4 / A 6 ) / 0 3  
A ( 5 , 1 3 ) =- ( 0 2 * ( ( D WH4 ) / A 6 - 0 . 5 ) � D l * S H 4 / A 6 ) / 0 3  
A ( S , 1 5 ) =- 6 . 0  
A ( 5 , t 9 ) = l . O- Ll l * ( 5 �4 * S H 6 / A4 ) / 0 3  
A ( 5 , 2 0 ) =- ( C 2 * ( S H 6 / A 6 ) * ( D W H 4 ) &D l * S H4*SH6 / A 6 ) /0 3  
D l = ( C W H 4 - S H 4 * ( D WH6- DW 8 2 / 2 . 0 ) ) 
A ( 6 , 3 ) = - ( ( D :>· l C vJ � 6- 0 W B 2 / 2 .. Q ) / ( 2 • 0 .,.. :, .!_ l ) t O 1 * S H 6 / ( 2 • 0 * A 4 ) ) / D 3 
A ( 6 , 8 ) = - ( 0 2 * ( l . O - C D �H6-0 . 5 * 0W 8 2 ) / A 4 ) - D l * SH 6 /A4 ) / D 3  
A ( 6 , 9 ) = ( 0 2 * S H4 & D l * S H4 / A 6 ) / 0 3  
A ( 6 , l 3 ) =- ( 0 . 5 * 02 * S H 4 & D l * SH 4 / A6 ) / 0 3  
� 
A ( 6 , 1 5 ) =- 6 . 0  
A ( 6 , 1 9 ) =- ( 0 2 * { S H4 / A4 ) * ( 0 W H 6 - D W B2 / 2 . 0 ) & D l * SH4* S H6 / A4 ) / 0 3  
A ( 6 , 2 0 ) = 1 . 0- ( D l * S H4 * S H 6 / A 6 ) / D 3  
C l = ( C W h 8 - 0 W C 3 / 2 . 0 ) - S H 8 * l D W H 7- 0 W B 2 / 2 . 0 )  
0 2 = 1 . 0 � S H 7 * S H 8  
C 3 = 0 2 * * 2  
A ( 7 , 4 ) = - ( D 2 * ( ( 0 W H 7- DW B 2 / 2 . 0 ) / A8- 0 . 5 ) & 0 l * SH 7 / A 8 ) / 0 3  
A t 7 , 1 0 ) = ( 0 2 * S H 8 - D l * S H8 / A7 ) / 0 3 
A ( 7 , l l ) = - ( D 2 * ( 1 . 0- ( 0 W H 7- 0W B 2 / 2 . 0 ) / A 8 ) - D l * SH 7 / A 8 ) / 0 3  
A ( 7 , 1 3 ) =- t 0 2 * S H 8 * 0 . 5 & 0 l * SH 8 / A 7 ) / 0 3  
A l 7 , 1 5 ) =-6 . 0  
A ( 7 , 2 l ) = l . O- ( D l * SH7 * S H 8 / A 7 ) / 0 3 
A ( 7 , 2 2 ) =- ( 0 2 * l S H 8 / A 8 l * ( DWH7- 0W B 2 / 2 . 0 l & D l * SH 7 * S H 8 / A 8 ) / 0 3  
D l = l C W H 7- D W B 2 / 2 . 0 ) - SH 7 * ( DW H 8- D W C 3 / 2 . 0 )  
A l 8 , 4 ) = - ( 0 2 * S H 7 * 0 . 5 £ D l * S H7 / A 3 ) / 0 3 
A ( 8 , 1 0 ) = - ( 0 2 * l l . O- ( C W H 8 - 0 W C 3/ 2 . 0 ) / A 7 ) -D l *SH 8 / A 7 ) / 0 3  
A ( 8 , 1 1 ) = ( 0 2 * SH 7 - D l * S H 7 / A 8 ) / 0 3  
A l 8 , 1 3 ) =- ( 0 2 * ( ( D W H 8-0 W C 3 / 2 . 0 ) / A 7-0 . 5 ) & 0 l * S H 8 / A 7 ) / 0 3 
A ( 8 ,. 1 5 ) =-6 . 0 
A { 8 , 2 1 ) =- ( D 2 * ( S H 7 / A 7 ) * ( D WH 8- 0WC 3 / 2 . 0 l & D l * SH7*SH8/A 7 ) / 0 3  
A ( 8 , 2 2 ) = 1 . 0- ( D l * S H 7 * S H 8/ A 7 ) / 0 3  
S H 4 = ( 2 . 0 * DW H4-0WC2 l / A4 
S H 5 = SH4  
A ( g , ! '1 ) = 1 0 . 0 
A ( 9 , :. :: ) :: - : .. 0 
O l =- 6 0 C O . O / S QRT ( F Y )  
A ( l 0 , 1 4 ) = 0 1  
A (  l C , 1 5 ) = � r . o  
A ( l l , 1 4 ) =- l . O  
A { l 2 , l ) =- l . O  
A { l 3 , 2 ) =- l . O  
A ( l 4 , 3 ) =- l . O  
A ( l S , 4 ) =- 1 . 0  
A ( l 6 , 1 2 ) =- l . O  
A ( 1 7 , 1 3 ) =- l . O  & 
O l =- ( l 4 . E &6 ) / S Q RT ( F Y* ( l 6 5 0 0 . 0 & F Y ) )  
A ( l 8 , l l = D l  
A ( 1 8 , 2 ) = l . O  
/\ ( 1 9 , U = 0 l  
A ( l <J , 3 ) = 1 . 0 
A ( 2 0 t l ) = D l  
A ( 2 0 , 4 ) = 1 . 0  
A l 2 1 , U = G l  
A ( 2 1 , 1 2 ) = 1 . 0  
A ( 2 2 , l l = D l  
A ( 2 2 , l 3 ) = 1 . 0  
X � l = P ( l ) * ( H- A l ) 
I F ( X � l ) 3 1 1 , 3 1 2 , 3 1 2 
3 1 1  co  3 1 3 1 = 1 , 7  
3 1  3 P ( I > = - P ( I ) 
XM l =- X M l 
3 1 2  C l = ( T W H l * D W C l * � 3 ) / 1 2 . 0  
C 2 = ( mJC l / 2 .  0 f. T F H 1 )  
0 3= C r. C l l: T FH l 
04 = 0 . 5 * B F C l * T F H l * D 3 * * 2  
C S = O l f: 0 4  
0 6 = 0 5 * * 2  
A ( 2 3 , l ) =- ( ( XM 1 * 0 2 * D l ) / { T WH 1 * 0 6 ) ) 
A ( 2 3 , 2 ) = ( 0 . 5 * X M 1 � � �-XM l * D2 * ( 3 . 0* D l / CWC 1 & 2 . 0* D 4/ 0 3 ) ) / D 6 
A l 2 3 , 1 4 ) = ( 0 5 * X � l- X M l * D2 * { B F C l * T FH 1 *0 3 & 0 . 5 * BF C l * D 3* * 2 ) ) / 0 6  
A { 2 3 , 1 5 ) = - ( X M l * D 2 * 04 ) / ( 8 F C 1 * 06 ) 
A ( 2 3 , 1 6 ) =- { P ( l ) * D2 / 0 5 ) 
F l = X fv' l * D 2 / 0 5  
C 7 = P ( l ) �:· : �-l- A l f. X L H l )  
I F ( D 7 ) 3 1 4 , 3 1 6 , 3 1 6  
3 1 4  c o  3 1 5 1 = 1 , 7  
3 1  5 P ( I ) =- P ( I ) 
C 7 =- C 7  
3 1 6 C 2 = C WC l f. S H l * XL H l  
D l = ( T W H 1 * 08 ** 3 ) / 1 2 . 0  
0 2 = 0 hC l / 2 . 0 f. S H l * 0 . 5 *XL H l & T F H l 
C 3 = 0 8 & T F H l 
� 
\0 
0 4 = 0 . 5 * B F C l *T F H 1 * 0 3 * *2 
0 5 = 0 1 & 0 4  
0 6 = C 5 * * 2  
A ( 2 4 , l ) = - ( 0 7 * D 2 * D l ) / ( T WH l * C 6 ) 
A ( 2 4 , 2 ) = ( 0 5 * 0 7 �q o � S- X L H l / ( 2 . 0 * A l ) l - 0 7 * 0 2 * ( 3 . 0 * D l * ( l . O- X LH l /A l ) / D 8  
l t ( 2 . C * D 4 * ( 1 . 0 - X L H 1 / A l ) / 0 3 ) ) ) / 0 6  
A { 2 4 , 5 ) = ( 0 5 * 0 7 * X LH l / ( 2 . 0 * A l ) - 0 7 * 0 2 * ( 0 4 * 2 . 0 * XL H l / ( 0 3* A l ) &  
1 3 . 0 * 0 l * X LH 1 / ( A l * D 8 } ) ) / 0 6  
A l 2 4 , 1 4 ) = ( 0 5 * 0 7 - 0 7 * 02 * ( B FC l *T F H l *D 3 & 0 . 5 * B F C l * D 3* *2 ) ) / 0 6  
A ( 2 4 , 1 5 ) = - D 7 * 0 2 * C 4 / ( B F C 1 * 0 6 ) 
A { 2 4 , 1 6 } = - P ( l ) * D 2 / 0 5  
F 2 = 07 * 0 2 / D 5 
0 7 = P l l ) *H- P ( 2 ) * ( A2 - X LH 2 ) &0 . 5 *P ( 7 ) * ( ( A 2- X L H 2 ) **2 ) 
I F ( 0 7 ) 3 1 7 , 3 1 8 , 3 l 8  
3 1 7  0 0  3 1 9 1 = 1 , 7  
3 1 9  P ( I ) =- P ( l )  
07 = - C 7  
3 1 8  0 8 = 0 � B l & S H 2 * X L H 2 
D l = ( � WH l * D 8 * * 3 ) / 1 2 . 0  
C 2 = D � B l / 2 . 0 & S H 2 * X L H2 / 2 . 0 &T F H 2  
C 3 = 0 8 & T F H 2  
04= 0 . 5 * B F B l * T F H 2 *D 3 * * 2 
C 5 = 0 1 & 0 4  
C 6 = 0 5 * * 2  
A ( 2 5 , l l = - ( D 7 * 0 2 * D l ) / ( T WH 1 * 0 6 ) 
A - ( 2 5 , 6 } = ( 0 5 * 0 7 *X L H 2 / ( 2 . 0 * A 2 ) - D 7 *D 2 * ( 3 . 0* D l *X L H 2 / ( D 8 * A 2 ) &  
1 2 � C * 0 4 * X L H 2 / ( 0 3 * A 2 } ) ) / 0 6  
A { 2 5 , 1 2 ) = ( 0 5 � 0 7 * ( 0 . 5-X L H 2 / ( 2 . 0* A 2 ) ) - D 7*D2* ( 3 . 0*D l * ( l . O- XL H 2 / A 2 ) / 0 8  
l & 2 . 0 * D4 * ( 1 . 0- X L H 2 / A 2 ) / C 3 ) ) / C 6  
A ( 2 5 , 1 4 ) = ( 0 5* D 7 - D 2 * 07 * ( B F B l * T F H 2 * 0 3 � 0 . 5*B F B l * D 3 * * 2 ) ) / 0 6  
A ( 2 5 , 1 5 ) = - ( 0 7 * 0 2 * D 4 ) / ! B F B l *D 6 ) 
A ( 2 5 , 1 7 ) = ( P ( 7 ) * l A 2- X L n2 ) -P ( 2 ) ) * D 2 / 0 5  
F 3 = 0 7 * 0 2 / C 5 
C C O M P U T A T I ON O F  C C E F F I C I E N T S O F  8 ( 1 )  vec rr�  
B ( l ) =- X L H l & A ( l , 1 6 ) �: ( A l - U A l ) & A ( l , 6 ) * ( DWH2- U O WH 2 ) 
l &A ( l , 1 2 ) * ( 0 W B l-U DW B l ) & A ( l , 5 ) * ( DW H l-UOWH l l &A ( l , 2 ) * ( DWC l- UDWC l l  
\J\ 
0 
2 £ A ( l , 1 7 ) * ( A 2-U A 2 ) & 6 . 0 * U B f C 1 
8 ( 2 ) =- X L H 2 & A { 2 , 1 7 l * ( A2 - U A 2 l f. A ( 2 , 5 ) * ( C WH 1-UOWH 1 )  
l & A l 2 , 2 ) * ( C W C 1 - U D � C l ) � A ( 2 , 6 ) * ( D W H 2-U O � H 2 ) & A ( 2 , 1 6 ) * ( A l- U A 1 )  
2 & A ( 2 , 1 2 ) * { D W B l - U D W B 1 1 & 6 . 0 * U B F B l 
8 { 3 ) =- X L n 3 & A ( 3 , 1 8 ) * { A 3 - U A 3 ) & A { 3 , 8 ) * ( D WH4- U O WH 4 ) 
l £ A ( 3 , 3 ) * ( 0 �� C 2- U DWC 2 ) & A ( 3 , 1 9 ) * ( A 4- U A4 ) & A ( 3 , 7 ) * ( DW H 3- U O WH 3 )  
2 £ A ( 3 , 1 2 ) * ( 0 � B l - U D W B 1 ) & 6 . 0 * U B F B 1  
� ( 4 ) =- X L H 4 & A ( 4 , l g ) * ( A 4-U A4 } & A ( 4 , 7 ) * ( 0 W H 3- U D WH 3 ) 
l & A { 4 , 1 2 ) * ( D W B 1-U DW 8 l ) & A ( 4 , 1 8 ) * ( A 3- U A 3 ) & A ( 4 , 8 ) * ( 0 W H 4- UO WH4 ) 
2 &A ( 4 , 3 } * ( D � C 2- U DW C 2 ) & 6 . 0 *U B F C 2  
B ( 5 )  = - X L H 5  £ A  ( 5 ,  1 9 )  * ( A 4-U A4 ) & A  ( 5 ,  9 )  * { C � J H 6-U D W H 6 ) 
l f. A l 5 , 1 3 l * ( D W B 2- U O W B 2 ) & A ( 5 , 8 ) * ( 0W H4-U OWH4 ) & A { 5 , 3 ) * ( DW C 2-UD WC 2 )  
2 &A ( 5 , 2 0 ) * ( A 6- U A 6 ) & 6 . 0 � U B FC 2  
B ( 6 ) =- X L H 6 & A ( 6 , 2 0 ) * ( A6 - U A 6 ) & A ( 6 , 8 ) * ( 0 WH4-UDWH4 ) 
l & A ( 6 , 3 l * t O �l C 2 - U D W C 2 ) & A ( 6 , 9 ) * ( D W H 6- U O � H6 ) &A t 6 , 1 3 ) * ( D � B 2-UDWB 2 ) 
2 & A ( 6 , l 9 } * ( � 4-U A 4 ) & 6 . G * U B F B 2  
8 t 7  ) = - X un f. A t 7  , 2 1 ) * ua -U A 7 ) � A ( 7 , l l ) * ( D � :  H 8- U D W H 8 ) 
l £ A C 7 , 4 ) * ( D W C 3 - U C �lC 3 ) & A : 7 , 1 0 ) * ( D W H 7- U C W H 7 ) &A ( 7 , 1 3 ) * ( D W B2-UDW B 2 ) 
2 C A ( 7 , 2 2 1 * ( A 8 - U A 8 ) & 6 . 0 * U B F 8 2  
B ( 8 ) =- X L H 8 � A ( 8 , 2 2 ) � ( A 8 - U A 8 ) � A ( B , 1 0 ) * ( 0W H 7-UOWH 7 )  
1 £A l 8 , 1 3 ) * ( D W B 2- U OW 8 2 } & A ( 8 , l l l * ( DW H8-U D W H 8 ) & A ( 8 , 4 ) * ( D W C 3-UDWC 3 )  
2 & A { 8 , 2 l ) * ( A 7- U A 7 ) & 6 . 0 * U8 F C 3  
8 ( 9 ) =- l C . O * U T F C l & U B F C l 
D 1 = 6 C O O . O / S Q RT ( F Y )  
B ( l C ; = - U B F C l � D l * U T F C l 
B ( l l ) = U T F C l -0 . 3 1 2 5 
B { l 2 ) = U T � C l -0 . 3 1 2 5  
8 ( 1 3 } = U O WC 1 -D W C A L  
B ( l 4 ) = U O W C 2 -0 W C A L  
8 ( 1 5 ) = t; 0 �-, C 3 - 0 rJ C A L  
B ( 1 6 ) = U O h  B 1 -0 \ J G A L  
B ( l 7 ) =U D � B 2 -D W B A L  
O l = l l 4 . 0 E 6 ) / ( S Q R T ( F Y * l l 6 5 0 0 . 0&F Y ) ) )  
B ( l 8 ) = D l * U T WC 1 - U DWC 1 
B ( l 9 ) = D l *U T W C 2 - U O W C 2  
B ( 2 0 ) = D l *U T W C 3 -U DW C 3  
"' 
t-A. 
8 ( 2 l l = D l * U T � B l - U DWB 1 
8 ( 2 2 ) � S l * U T W B 2 - U D W 8 2  
B ( 2 3 ) = 0 . 6 * F Y - F l £ A ( 2 3 , 1 6 ) * ( A l-U A l ) & A ( 2 3 , 2 ) * ( D W C l-UOWC l )  
1 £ A ( 2 3 , 1 4 ) * ( T � H l-UT F H l } & A { 2 3 , l l * ( T W H l -UT W H l l & A ( 2 3 t l 5 ) * ( BF C l-U B F C l )  
8 ( 2 4 ) = 0 . 6 * F Y- F 2 & A { 2 4 , 1 6 ) * ( A l-U A 1 ) &A ( 2 4 , 2 l � ( DW C 1-UO ¼ G l ) 
l & A. { 2 4 , 5 ) * ( C W H l - U C W H l ) & A l 24 , 1 4 ) * ( T F H l -U f F H l )  
2 & A { 2 4 , l } * ( T W H l - U T WH l ) & A ( 24 , 1 5 ) * ( B F C l-U B FC l ) 
B l 2 5 ) = 0 . 6 *F Y- F 3 & A ( 2 5 , 1 7 ) * ( A 2-U A 2 ) & A { 2 5 , l 2 ) * ( 0W 8 1- UDWB 1 )  
1 £ � ( 2 5 , 6 ) * ( 0 W H 2 - U DW H 2 ) & A ( 2 5 , 14 ) * { T F H2-U T F H 2 ) 
2 t A { 2 5 , l ) * l T W H l -U T W H l ) C A ( 2 5 , 1 5 ) * ( 8 F B l-U B F B l ) 
RE T URN  
E N D  
\Jt 
l\) 
P HA S E  X X X X 0 4 , X X X X 0 2  
S U B R CU T I N E X X X X0 4  
PH AS E I V  
O I � E � S I O N A ( 4 5 , 6 8 ) , e ( 4 5 ) , C ( 6 8 ) , P P ( 2 2 )  
C O M � C N R A X , R AY , R B X , R B Y , RC X , RCY  
C O � P. C N S H 1 , S H 2 , S H 3 , S H 4 , S H 5 , S H6 , SH 7 , SH 8  
c c � � CN X l C l , X I C 2 , X I C 3 , X I G 1 , X I B 2  
C O M M C N X L H 1 , X L H 2 , X L H 3 , X L H4 , XL H5 , X LH6 , XL H 7 , X L H 8  
C C tJ fv', C N  A , B , C , P P 
c c � � CN P t R , D W C A L , D W B AL , H , X l l , X l 2 , W , E , F Y , N , M  
c c :) t--': C N  u n� c  1 ,  u � � : c 2 , t.; T \K 3 ,  u n"' H 1 ,  u nm 3 , u nm1 , u nr n  1 ,  u nr n 2  
c o ,..,,  :-'. C N  u c �, C  l f' 1..: c �-� C 2 , U D W  C 3 ,  U D h H  1 , U O � H 2 ., U O vJ H 3 ., U D ��H4 , U O �iJ H 6 , UOWH  7 i UOWH8  
C O � M C N  U C W B l , U O W B 2 , U T F C l , U T F C 2 , U T F C 3 , U T F H l , U T F H 2 , U T F H 3 , U T F H4 , U T F H 6  
c c � � C N U T F H 7 , U T F H 8 , U T F 8 1 , U T F 8 2 , U B FC 1 , UBFC 2 , UB FC 3 , UB F B 1 , UB F B 2  
c c � � CN U A 1 , U A 2 , U A 3 , U A4 , U A6 , U A 7 , U A 8  
C O �  tJ C· J T W C  1 , T WC  2 , H� C 3 , HJ H 1 , HJ H 2 , T W H 3 , T W H 4 ., nm 5 , T H  H 6 , T \  ! H 7 , T W H 8 
c o � � C N T W B 1 , T W B 2 , D W C 1 , 0W C 2 , D �C 3 , DWH 1 , 0W H 2 , 0 WH 3 , DWH4 , 0 WH 5 , D WH 6 , D WH 7  
C O � M CN O � H O , D W B l , D � B 2 , T f C 1 , T F C 2 , T FC 3 , T F H l , T F H2 , T F H 3 , T F H4 , T F H 5 , T F H6 
c c � � ON T F H 7 , T F H8 , T F 8 1 , T F B 2 , B FC 1 , B F C 2 , B F C 3 , B FH 1 , B F H2 , B F H 3 , B FH4 , B FH5 
c c � � CN B F H 6 , B F H 7 , B F H8 , A l , A 2 , A3 , A4 , A 5 , A6 , A 7 , A 8 , BF B 1 , B F B 2· 
D I t-' E f\ S I G N P ( 7 > 
'n R I T E l 1 2 , 6 2 0 ) 
6 2 0  F O R � A T ( '  E NT E R I NG PHASE  X X XX 0 4 1 ) 
P ( l ) = R A X  
p· l 2 )  = R A Y  
P ( 3 ) = R B X  
P ( 4 > = r{ g v 
P ( 5 ) = R C X  
P ( 6 ) = RC Y 
P ( 7 ) = W 
C C O M P U T A T I O N O F  A ( I , J )  C O E F F I C I EN T  MATR I X 
X M 4 = P ( l ) * H- P ( 2 ) * A 2 � 0 . 5 * P ( 7 ) * A2 * *2 
I F ( X �4 ) 3 20 , 3 2 1 , 3 2 1  
3 2 0  C O  3 2 2  I = l , 7 
3 2 2  P ( l  ) =-P ( I )  
� 
X � 4 =- X M 4  
3 2 1 O l = ( T W H l * D W B l * * 3 ) / l 2 . 0  
02 = D h 8 l * 0 . 5 £ T F H2 
0 3 = 0 W R 1 £. T F H 2 
04 = 0 . 5 * B F B 1 *T F H 2 * 0 3 * *2 
o s = o  u: 0 4  
0 6= 0 5 * * 2  
A { 2 6 , l ) =- l 0 2 * X M 4 * D l ) / ( T W H l * C 6 l 
A { 2 6 , 1 2 ) = { 0 S * X � 4 � �- . 5- 0 2 * X M 4 * t 3 . 0 * D l / DW B 1 & 2 . 0* 0 4 / 0 3 ) ) / 0 6  
A ( 2 6 , 1 4 ) = ( 0 5* X M 4 - D 2 * X �4 * ( B F B l * T FH2* 0 3& 0 . 5 * B F B l *D 3**2 ) ) / 06  
A ( 2 6 , l 5 ) �- ( D 2 * X M 4 * 0 4 ) / ( B F 8 1 * 0 6 ) 
A { 2 6 , 1 7 ) = ( ( P ( 7 ) * A2- P ( 2 ) ) *0 2 ) / D 5  
F 4 = X t-' 4 * 0 2 / 0 5 
X � 6 = P ( l ) * H - P ( 2 ) * ( X l l- A 3 ) &P ( 7 ) * 0 . S* ( X l l-A 3 1 * * 2  
I F ( X � 6 ) 3 2 3 , 3 24 , 3 2 4  
3 2 3 D O  3 2 5 1 = 1 , 7  
3 2 5  P l l ) =- P ( I )  
X r-' 6= - X t-'. 6 
32 4 O l = l T WH 3 * D W B 1 * * 3 ) / l 2 . 0  
0 2 = 0 . 5 * D W B l f.. T F H 3 
C 3 = 0 h 8 1 £. T F H 3  
C 4 = 0 . 5 * B F B l * T F H 3* 0 3 * * 2  
C S = O l f. 0 4  
0 6 = 0 5 * * 2  
A ( 2 7 , l l = - C D 2 * X � 6 *D l ) / ( T W H3 * 0 6 ) 
A ( 2 7 , 1 2 } = ( 0 . 5 * XM 6 * D 5- 0 2 * X� 6 * ( 3 . 0 * D l / DW B 1 & 2 . 0 � D 4 / 0 3 ) ) / 06 
A t 2 7 , 1 4 ) = ( 0 5 * X M 6 -D 2 * XM6 * ( B F 8 l *T F H 3 * 0 3 & 0 . 5 * B F B l *D 3* * 2 ) ) / 0 6  
A ( 2 7 , 1 5 } = - ( 02 * X M 6 * 04 ) / ( B F 8 1 *06 ) 
A ( 2 7 , 1 8 ) = ( ( P ( 2 ) - P ( 7 ) * ( Xl l- A 3 ) ) *02 ) / D 5 
F 6 = X tJ 6 �; D 2 / 0 5 
0 7= P ( l ) * H- P ( 2 ) * ( X L 1-A 3 & X LH 3 ) &0 . 5*P ( 7 ) * ( Xl l-A 3 &XLH3 } ** 2 
I F ( 0 7 ) 3 2 6 , 3 2 7 , 3 2 7  
3 2 6  C C  3 2 8  I = l , 7  
3 2 8  P ( l ) =- P ( I )  
0 7 = - C 7  
32 7 0 8 = D w B l � SH 3 *X L H3  
"$-
D l = ( T W H 3 � D 8 * * 3 ) / l 2 . 0  
0 2 = 0 � 8 1 / 2 . 0 £ S H 3 * X L H 3 / 2 . 0 &T F H 3  
C 3 = 0 8 & T F H 3  
C � = C . 5 * B F B l * T F H 3 * D 3 * * 2  
0 5 = 0 1 £ 0 4  
C 6= 0 5 * * 2  
A ( 2 8 , l l = - ( D 7 * 0 2 * D l ) / { T W H 3 * 0 6 ) 
A ( 2 8 , 7 ) = { ( 0 5 * D 7 * X L H 3 ) / ( 2 . 0 * A 3 ) - C 7 � D 2 * ( ( 3 . 0 � � t *XL H 3 ) / ( 0 8 *A 3 ) 
l t ( 2 . 0 * D4 * X L H 3 ) / ( 0 3 * A 3 ) ) ) / 06  
A ( 2 8 , 1 2 ) = ( C 5 * 0 7 * ( 0 . 5- X LH 3 / ( 2 . 0 * A 3 ) ) -0 7 * D 2 * ( 3 . 0 * D l *  
l ( l . O- X L H 3 / A 3 ) / 0 8  
l t 2 . 0 * D 4 * { l . O- X LH 3 / A 3 ) / 0 3 ) ) / C 6  
A ( 2 8 , 1 4 ) = ( 0 5 * D 7 - D 2 * D 7 * ( B F B l * T F H2 * 0 3 & 0 . 5 * 8 F B l * D3 * * 2 ) t / 0 6  
A l 2 8 , 1 5 ) =- ( 0 7 * 02 * 0 4 ) / ( B F B 1 * 0 6 ) 
A ( 2 8 , 1 8 ) = ( ( P ( 2 ) - P ( 7 ) * ( X L 1-A3 &XLH 3 ) ) * 0 2 / 0 5 ) 
F 7 = 0 7 * 0 2 / 0 5 
0 7 = P ( 3 ) * ( H- A4 & XH4 ) 
I F ( D 7 ) 3 2 9 , 3 3 0 , 3 3 0  
3 2 9  D O  3 3 1  I = l , 7  
3 3 1 P ( I ) =- P ! I )  
0 7 = - 0 7  
3 3 0  0 8 = C � C 2 & S H 4 * X L H 4  
O l = ( T W H 3 * 0 8 * * 3 ) / 1 2 . 0  
D 2 = C �C 2 / 2 . 0 & S H4 * XL H4 & T F H 4  
C 3 = 0 8 & T F H4 
04 = 0 . 5 * B F C 2 * T F H4 * 0 3 � *2 
0 5 � 0 1 & 0 4  
0 6 = 0 5 * * 2  
A ( 2 9 , l ) =- ( D 7 * 0 2 * D l ) / ( T W H 3 * 0 6 ) 
A ( 2 9 , 3 ) = ( 0 5 * 0 7 * ( 0 . 5 - 0 . 5 * XL H 4 / A 4 ) - 0 7*D2 * { 3 . 0 *D l * ( l . O-XL H 4 / A4 ) / D8  
1 � 2 . 0 * D 4 * ( 1 . 0- X L H 4 / A4 ) / 0 3 ) ) / 06  
A ( 2 9 , 8 ) = ( 0 5 * 0 7 * X LH4 /A 4-D 7*02* ( 6 . 0 * D l *XLH4 / ( DB*A4 ) &  
1 4 . 0 * D 4 * X L H4/ ( 0 3*A4 ) ) ) / 0 6  
A ( 2 9 , 1 4 ) = ( C 5 * 0 7- C 2 * D 7 * ( 8 F C 2 * T F H4*03 & 0 . 5*BFC2*D 3 **2 ) ) / 0 6  
A ( 2 9 , l 5 ) =- ( 0 7 * 0 2 *04 ) / ( B F B 1 * 0 6 ) 
A ( 2 9 , 1 9 ) =- P ( 3 l * D 2 / D 5  
V\ 
V\ 
F 8 = 0 7 * D 2 / 0 5  
X �' 9 = P ( 3 ) * ( H - A  1 ) 
I F ( X � 9 ) 3 3 2 , 3 3 3 , 3 3 3  
3 3 2  C O  3 34 I = l , 7  
3 3 4 P ( l ) =- P ( l > 
X �� 9 = - X M 9  
3 3 3  C l = { T W h 3 * D W C 2 * * 3 ) / l 2 . 0  
C 2 = D � C 2 / 2 . 0 & T F H 4  
0 3 = 0 '.\ C 2 f. T F H4 
0 4 = 0 . 5 * B F C 2 *T F H4 * 0 3 * * 2  
0 5 = 0 1 £.0 4  
0 6= C 5 * �� 2  
A { 3 0 , l ) = - ( 0 2 * X M9 *0 1 ) / { T W H 3 * D 6 ) 
A ( 3 0 , 3 ) = ( U . � * D 5 * X M g- 0 2 * X M Q * ( 3 . 0 * D l / CWC 2 & 2 . 0 * 0 4 / 0 3 ) ) / 0 6  
A ( 3 0 , 1 4 ) = { 0 5 * X � 9 - 0 2 * X M 9 * ( B F C 2* T F H 4 * D 3 & 0 . 5* B FC 2 * 0 3* * 2 ) ) / 0 6  
A ( 3 0 , 1 5 ) = - ( D 2 * X M 9 * 0 4 l / ( B FC 2 *06 ) 
A { 3 0 , l g ) =- ( P ( 3 ) * 0 2 ) / 0 5  
F 9 = X �• g t.: D2 / D 5  
0 7 = - P l 5 ) * H- P ( 6 ) * ( X l 2- A 6 & XLH6 ) &0 . 5* P ( l ) * ( XL 2- A 6 &XL H 6 ) ** 2  
I F ( 0 7 ) 3 3 5 , 3 36 , 3 3 6  
13 5 0 0  3 3 7  I = l , 7  
3 3 7 P ( I ) =- P l I ) 
0 7 = - C 7  
3 3 6  0 8 = 0 � 8 2 & S H 6 * X L H 6  
D l = i T W H 3 * 0 8 * * 3 ) / l 2 . 0  
0 2 = 0 w B 2 / 2 w O & S H 6 * X L H 6 / 2 . 0 � T F H 6  
C 3 = C 8 E: T F J-:6 
0 4 = 0 . 5 * B F B 2 * T FH6 * D 3 * *2 
0 5 = 0 1 & 0 4  
D 6 = C 5 * * 2  
A ( 3 1 , l l = - ( 0 7 * 0 2 * D l ) / ( T WH 3 * 0 6 ) 
A ( 3 1 , 9 ) = ( ( 0 5 * 0 7 * X L H 6 ) / { 2 . 0 * A6 ) -02 * 0 7 * ( 3 . 0* D l *X L H 6 / ( D 8 * A 6 ) 
l &2 . 0 * D4 * X l h � / { 0 3 * A6 ) ) ) / 0 6  
A { 3 1 , 1 3 ) = ( 0 5 * 0 7 * ( 0 . 5-0 . S *X L H6 / A 6 ) - 0 7* 0 2 * ( 3 . 0*D l * ( l . O- X L H 6 / A 6 ) / 08  
1 & 2 . 0 * D4 * ( 1 . 0- X L H 6 / A 6 ) / 03 ) ) / C 6  
A ( 3 1 , 1 4 ) = ( 0 5 * C 7 - D 2 * 0 7 * ( B F B 2 * T F H6* 0 3 & 0 . 5 * B F B 2 * D 3 * *2 ) ) / 0 6  
� 
A ( 3 1 , 1 5 ) =- ( D7 * D 2 * 0 4 ) / ( B F 8 2 * 06 ) 
A ( 3 1 , 2 0 ) = ( P ( 6 ) - P ( 7 ) * ( X L 2-A 6 & XL H 6 ) ) * 0 2 / 0 5  
F l O = C 7 * D 2 / 0 5  
X M 1 1 =- P ( 5 ) * H- P ( 6 ) * , XL 2- A 6 ) & 0 . 5 * P ( 7 ) * ( XL 2- A 6 ) ** 2  
l F { : �  :1 1 1  } 3 3 8 , 3 3 q ,  3 3 9 
3 3 8  D O .  3 4 0  1 = 1 , 7  
3 4 0  P ( ! l =- P { l )  
X � l l =- X � l l  
3 3 9  D l = ( T W H 3 * D W B 2 * * 3 ) / 1 2 . 0  
C 2 = m� B 2 /  2 .  O f.  T F � 6  
0 3 = 0 'n B 2 £. T F H 6  
04 = 0 . 5 * B F B 2 * T F H6 * D 3 * * 2  
C 5 = 0 1 £ 04  
C 6 = 0 5 * * 2 
A ( 3 2 , 1 ) =- ( 02 * X M l l * D l ) / ( T � H 3 * D6 } 
A ( 3 2 , 1 3 ) = l 0 . 5 * D S * X M l l - 0 2 * X M l l * ( 3 . 0* 0 l / DW B2 & 2 . C , □4 / 0 3 ) ) / 0 6  
A l 3 2 , l 4 ) = ( 0 5 * X � l l -8 2 * X �-� l 1 * ( B F B 2 * T f- i : 6 * D 3 & 0 • 5 *BF  B 2 * D 3 * * 2 ) ) / D 6 
A ( 3 2 , 1 5 ) =- ( 02 * X M l l * D4 ) / ( B F B 2 * 0 6 ) 
A ( 3 2 , 2 0 ) = ( P ( 6 ) - P ( 7 ) * l X L 2-A6 ) ) * 0 2 / D 5 
F l l = X M l l * D 2 / 0 5  
X M 1 3 = - P i 5 ) * H- P ( 6 ) * A 7 & P ( 7 ) * 0 . S * A 7* * 2  
I F ( X M 1 3 ) 3 4 l , 3 42 , 342  
3 4 1 D O  3 4 3  l = l , 7  
3 4 3  P ( I ) = - P  ( I ) 
XM 1 3 =-X t-A l 3  
3 4 2  C l = ( TWH 7 * DW B2 * * 3 ) / 1 2 . 0  
C 2 = U r. 8 2 / 2 . 0 t T F H 7 
0 3 = C h 8 2 E. T F H 2  
0 4 = 0 . S * B F B 2 *T F H 7 * D 3 * *2 
0 5 = 0 l & C 4  
C 6 = 0 5 * * 2  
A ( 3 3 , l ) =- ( 0 2 * X � l 3 * D l ) / ( T WH 7 * 0 6 ) 
A ( 3 3 , 1 3 } = ( 0 . 5 * 0 5 *X � l �- D2 *XM 1 3 * ( 3 . 0 * D l / OW B 2 & 2 . 0*D4/ 0 3 ) ) / 06 
A ( 3 3 , 1 4 ) = ( 0 5 * X � l 3-02 *X M 1 3* ( B f82 * T F H 7* 0 3 & 0 . 5*BFB2 * D 3 * * 2 ) ) / D 6  
A ( 3 3 , 1 5 ) =- { 02 * X M 1 3 * C4 ) / ( B F B 2 * 0 6 ) 
A ( 3 3 , 2 l ) = ( P ( 7 ) * A 7- P ( 6 ) ) * 02 / D5 
� 
F l 3 = X M 1 3 � 0 2 / 0 5 
X M 1 4 = - P ( 5 ) * H- P ( 6 ) * ( A 7- X L H7 ) &0 . 5*P ( 7 ) * ( A7-XLH 7 ) **2 
I F { X � l 4 ) 3 4 4 , 3 4 5 , 34 5  
3 4 4  D O  3 4 6  I = l , 7  
3 4 6 P ( I ) = - P ·( I > 
X : -� .1 4 = - X tJ: 1 4  
3 4 5  0 8 = D W B 2 & S H 7 * X L H 7  
0 7 = X t1 1 4  
O l = ( T W H 7 * 0 8 * * 3 ) / 1 2 . 0  
0 2 = D W B 2 / 2 . 0 & S H 7 * X LH 7 / 2 . 0 &T F H7  
C 3 = C 8 £. T F H 7  
04 � 0 . 5 * B F B 2 * T F H 7 * 0 3 * * 2 
O S = C l f.. 0 4  
C 6 = 0 5 * * 2  
A ( 3 4 , l ) = - ( 0 7 * 0 2 * 0 1 ) / ( T W H 7 * 0 6 ) 
A ( 3 4 , 1 0 ) = ( 0 5 * 0 7 * X LH 7 / ( 2 . 0 * A 7 ) - 0 7 * D 2 * ( 3 . 0 * D l *XLH 7 / l 0 8 *A7 ) 
1 £ 2 . 0 * D4 * X L H 7 / { 0 3 * A 7 ) ) ) / 0 6  
A ( 3 4 , 1 3 } = ( 0 5 * 0 7 * ( 0 . 5- X LH 7 / ( 2 . 0* A 7 ) ) - D 7 * D 2 * ( 3 . 0* D l * ( l . O-XL H 7 / A 7 ) / 0 8 
l i 2 . 0 * D 4 * ( 1 . 0- X L H 7 / A 7 ) / 0 3 ) ) / 06  
A ( 3 4 , 1 4 ) = ( 0 5 * D 7- 0 2 * 0 7 * l B F B 2 * T FH 7 * 0 3 &0 . 5 * B F B 2 * D 3* * 2 ) ) / D6  
A { 3 4 , 1 5 ) = - ( D7 * 0 2 * 04 ) / ( 8 F e 2 � 0 6 ) 
A ( 3 4 , 2 1 ) = ( P ( 7 ) * ( A 7- XLH7 ) - P ( 6 ) ) *02/ D 5  
F l 4= C J ,:: 0 2 / 0 5  
0 7 =- ( P ( 5 ) * ( H- A 8 & X L H 8 ) )  
1 F ( 0 7 ) 3 4 7 , 3 4 8 , 3 4 8  
3 4 7  co  3 49 1 = 1 , 7  
3 4 9  P (  I ) =- P ( I )  
0 7 =- C 7  
3 4 8  C 8 = 0 W C 3 & S H8 * X L H 8  
D l = ( T W H 7 * C 8 * * 3 ) / 1 2 . 0  
0 2 = 0 WC 3 / 2 . 0 & S H 8 * X LH £ / 2 . 0 &T F H 8  
C 3 = 0 8 � T F H 8  
0 4 = C . 5 * 8 F C 3 *T F H8 * D 3 **2  
0 5 = 0 1 & 0 4  
C6 = 0 5 * * 2  
A ( 3 5 , l ) =- ( 0 7* D 2 * C l ) / ( TWH 7*06 ) 
� 
A ( 3 5 , 4 ) = ( 0 5 *0 7 * ( 0 . 5-0 . 5 * X L H 8 / A8 ) - D 7 * D 2* ( 3 . 0* 0 l * ( l . O- X L H 8 / A 8 ) / 0 8  
1 & 2 . C * D 4 * ( 1 . 0- X LH 8 / A 8 ) / 03 ) ) / 0 6  
A ( 3 5 , l l ) = ( D 5 * D7 * 0 . 5 * X L H8 / A8- D 7 * 0 2 * ( 3 . 0* 0 l*X L H8 / ( 0 8 * A 8 ) & 2 . 0 * D 4  
l * X L H 8 / ( 0 3 * A 8 ) ) ) / 0 6  
A { 3 5 , 1 4 ) = ( 0 5 * D 7- D 2 * 07 * ( B FC 3 * T F H 8* 0 3 &0 . 5*B F C 2 * 0 3 * * 2 ) ) / 0 6  
A ( 3 5 , 1 5 ) = - ( 07 * 0 2 * 0 4 ) / t B F C 3 *06 ) 
A ( 3 5 , 2 2 l = P t 5 ) * 0 2 / 0 5  
F l 5 = 0 7 * C 2 / 0 5  
X � l 6 =- P ( 5 ) * l H- A 8 ) 
I F ( X � l 6 ) 3 5 0 , 3 5 1 , 3 5 1  
3 5 0  D O  3 5 2 1 = 1 , 7  
3 5 2  P ( l ) =- P ( l )  
X M 1 6 =- X M 1 6  
3 5 1 D l = ( T W H 7 * D W C 3 * * 3 ) / 1 2 . 0  
0 2 = C WC 3 / 2 . 0 f. T F H8 
0 3 = 0 'r; C 3 f.T F H 8  
0 � = 0 . 5 * B F C 3 * T F H 1 * 0 3 * * 2  
0 5 = 0 l f.04  
C 6 = 0 5 * * 2  
A ( 3 6 , l ) =- ( 0 2 * X M l 6 * 0 1 ) / ( T WH 7 * 0 6 ) 
A ( 3 6 , 4 ) = ( 0 . 5 * 0 5 * X M 1 6- 0 2 * XM 1 6 * ( 3 . 0 *0 l / OWC 3 &2 . 0* 04 / 0 3 ) ) / 0 6  
A ( 3 6 , 1 4 ) = { 0 5 * X � l 6- 0 2 *X M 1 6 * ( 8 F C 3 * T F H7 *0 3 & BF C 3* 0 • 5 * 0 3 * * 2 ) ) / 06 
A ( 3 6 , 1 5 ) =- ( 0 2 * X M 1 6* 04 ) / ( B F C 3*06 ) 
A ( 3 6 , 2 2 ) = P ( 5 ) * 0 2 / 0 5  
F l 6 = XM 1 6 * D 2 / 0 5  
D l = ( T W B l * DW B l * * 3 ) / 1 2 . 0  
0 2 = 0 W l3 1 / 2 . 0 f. T F B 1  
0 3 = 0 � B l f. T F 8 1 
0 4 = 0 . 5 * B F B l *T F 8 1 * 0 3 * * 2  
o s = o  u: 0 4  
0 6 = 0 5 * * 2  
XM 5 = P ( l ) *H- P ( 2 ) * ( X l l -A2-A3 ) /2 . 0 &P ( 7 ) * ( Xl l-A2-A3 ) **2 / 8 . 0  
I F ( X M5 ) 3 5 3 , 3 54 , 3 54 
3 5 3  X M 5 =-XM 5 
3 5 4  I F ( X �4 . G T . X M 5 . AN O . X M4 . GT . XM6 ) GO TO 355  
I F ( X �5 . GT . XM6 ) GO  T O  3 5 6  
\..r\ "' 
X M = P ( l ) * H- P ( 2 ) * ( X l l - A 3 ) £ 0 . 5* P ( 7 ) * ( ( X l l-A 3 l ** 2 )  
I F ( X � ) 3 5 7 , 3 5 8 , 3 5 8  
3 5 7  X � = - X M  
0 0  3 5 9 I = l , 7  
3 5 g  P ( I ) :: - P ( l l  
3 5 8 A ( 3 7 , 1 8 ) = { P ( 2 ) - P ( 7 ) * ( X l l- A 3 ) ) *02 / D 5  
F 6 3 = A ( 3 7 , 1 8 ) * ( A 3-U A 3 ) 
G O  T C  3 6 0  
3 5 6  X �= P ( l } * H- P ( 2 ) * ( XL 2-A2- A 3 ) / 2 . 0 £ P ( 7 } * ( ( Xl l- A 2-A 3 ) ** 2 l / 8 . 0 
I F l X � ) 3 6 1 , 3 6 2 , 3 6 2  
3 6 1  0 0  3 6 3  1 = 1 , 7  
3 6 3  P ( I ) = - P l l )  
X t-� = - X M  
3 6 2 A ( 3 7 , 1 7 ) = ( P ( 2 ) / 2 . 0- P ( 7 ) * { X l l-A2-A3 ) / 4 . 0 ) * 0 2 / 0 5  
A ( 3 7 , 1 8 ) = A ( 3 7 , 1 7 )  
F 6 3 = A l 3 7 , l 7 ) * ( A 2 & A 3-UA 2-U A 3 ) 
G O  T C  3 6 0  
3 5 5 X M= P ( l ) * H- P l 2 ) * A 2 £ P ( 7 ) *0 . 5 * A2**2  
I F ( X � ) 3 6 4 , 3 6 5 , 3 6 5  
3 6 4  D O  3 6 6  1 = 1 , 7  
3 6 6  P ( I ) = - P ( I )  
X M = - X M  
3 6 5  A ( 3 7 , 1 7 ) = ( P ( 7 ) * A 2 - P ( 2 ) ) * 02 / 0 5  
F 6 3 = A l 3 7 , 1 7 ) * ( A 2-U A 2 }  
3 6 0 A . (  3 7 , 1 2  ) = ( 0 .  5 * D 5 * X M - D  2 >'.' X :,i * ( 3 .  0 * 0 l / mrn u: 2 .  0 * 04 / D 3 )  ) / D 6 
A ( 3 7 , 1 4 ) = { 0 5 * X �-02 * X M * ( B F B l * T F B l *D 3 & 0 . 5 * B F B l *D 3* *2 ) ) / 06  
A ( 3 7 , 1 ) =- { 02 * X M * D l ) / ( T W B 1 * 0 6 ) 
A ( 3 7 , 1 5 ) =- ( D2 * XM * D 4 ) / ( B F B l * D 6 ) 
F 5 = X PJ * 0 2 / 0 5 
O l = ( T W 8 2 * 0W B 2 * * 3 ) / 1 2 . 0  
02 = 0 Yi B 2 / 2 . 0 !: T F 8 2 
0 3 = 0 h B 2 & T F B 2  
04 = 0 . 5 * B F B2 *T F B 2 * 0 3 **2  
05 = 0 1 E: 04 
0 6 ; 0 5 * * 2  
XM 1 2 =- P ( 5 ) * H- P ( 6 ) * ( XL2-A6- A7 ) / 2 . 0 &P l 7 ) * ( ( XL 2-A6-A7 ) ** 2 ) / 8 . 0  
°' 
0 
I F ( X � l 2 ) 3 6 7 , 3 6 8 , 3 6 8  
3 6 7 X 1·'. l  2 = - X M 1 2  
3 6 8  I F ( X t-' l l . G T . x r- n 2 . A N C . X }• : l t . G T . XM 1 3 ) GO TO 369  
I F ( x r 1 2 . G T . X M 1 3 ) G C  TO  3 70 
X � =- P ( 5 ) *H- P ( 6 ) * A7 & 0 . 5 * P ( 7 ) *A7 * * 2  
I F . ( X tJ ) 3 7 1 , 3 7 2 , 3 7 2  
3 7 1 D O  3 7 3  I = l , 7  
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7 0 1  /\ ( I , J ) = - A ( I , J )  
I =  l 
7 0 2  I F ( b { I ) ) 7 0 3 , 7 04 , 7 0 4  
7 0 3  � R I T E { l 2 , 7 0 5 ) I , B ( I )  
7 0 5 F C R P A T ( '  V A L U E  O F  8 ( ' , I 2 , ' ) 1 S ' , E l 5 . 8 )  
B ( I ) = O . O 
7 0 4  C C N T i i\ � t  
I F ( l - M ) 7 C 6 , 7 0 7 , 7 0 7  
7 0 6  I = I t l  
� 
'-" 
c c  r e  1 0 2  
7 0 7 l f ( L - 1 ) 7 0 8 , 7 0 9 , 7 0 9  
7 0 S  C C N T I NU t:  
G C  T C  7 5 L;)  
7 0 8 C O  7 1 0 l = l , 2 2 
7 1 0  P P ? ( I ) = P P ( l )  
C S E f T I N G L P  UF  T H E  M A T R I X  F O R  S I M P L EX T AB L E AU 
i\fv'  = N [. r;, 
t·': P l = �1 f. l 
�, C O L = N t'. f. l 
C C  7 1 2 I = l , �� P l 
l E A l l ) = O 
P { l ) = O . G  
7 1 2 C O  i'--! T I f\ L E 
C I � S t R T  S L A C K V A R I A B L E S I N  E A CH C C� S T RA I NT E QUA T I ON 
C C  7 1 3  I = l , �  
7 1 5  
. 7 1 3  
7 1 6  
7 1 7  
C 
C 
7 1 g  
7 1 8  
7 2 0  
72 2 
N P l = t\ & l 
A (  I , i\ P l  ) = 1 . 0  
,H . I , t\C  C L ) =  U ( I ) 
U 3 td l ) = f\ S I 
C O  7 1 6 J = l , NM 
A ( M P l , J } = -C ( J )  
P l c = A ( t-' P l , l )  
K = l 
C h C C S E  T H �  MO S T  PO S I T I V E V A L UE TO  I N S ERT  I N  T H E  
· s c L L T I C N B A S I S  
C C 7 l 8 J = 2 , 1 \ i'1; 
I F ( A ( � P l , J ) - P L E ) 7 1 8 , 7 1 8 , 7 1 9  
P L E = A ( � P l , J l 
K = J  
C U ,\: T !i'HJ t 
I F ( P L E ) 7 2 0 , 7 2 0 , 7 2 1  
C O  7 2 '2.  1 = 1 , M  
I l B A = I B t� ( I )  
P ( I I oA ) = A { I , N C C L ) 
G C  T G  7 4 3  
� °' 
C 
7 2 1 
7 2 3  
7 2 4  
7 '2.  6 
7 2 7  
7 2 8 
7 2 5 
7 2 9  
7 3 0  
7 3 3  
7 3 4  
7 3 2  
7 3 1  
7 3 6  
r = 1 
1 F ( A { I , K ) ) 7 2 4 , 7 2 4 , 7 2 5  
I F { I - M ) 7 2 l , 7 2 7 , 7 2 7  
! = [ [. l  
G C  T C  7 2 3 
. , R I f E l  1 2 , 7 2 8 ) 
F C R � A T ( '  O B J E C T I V E F UNCT I O N UNBOU N C E 0 1 ) 
S T C P  
R A T C = A ( I , NC C L ) / A ( I , K )  
I R U = l 
l = l t: l 
I F ( I - M ) 7 3 0 , 7 3 0 , 7 3 1  
[ f ( A ( l , K ) ) 7 3 2 , 7 3 2 , 7 3 3  
R A T c = A ( l , NC C L ) / A { l , K )  
1 F ( K A T � - R A T 0 ) 7 3 4 , 7 3 2 , 7 3 2 
R A T C = R A T E  
I >, C = I 
I F ( l - M ) 7 2 9 , 7 3 1 , 7 3 1  
I O A {  I R O ) = K 
P I V T = A ( I RO , K )  
C O  7 3 6 J = l , NC O L  
A (  I r"{ C , J ) = A (  I R O , J ) / P I V T 
C O M P U T � T I ON O F  N E W  C O E F F I C I ENTS  F O R  R E S T  OF  TABL EAU  
C C  7 3 7  I = l , fv'. P l 
. C E L t = A ( I , K ) 
I F ( G E L E ) 7 3 S , 7 3 7 , 7 3 8  
7 3 8 l F ( l - I R C l 7 3 � , 7 3 7 , 7 3 9  
7 3 9  C O  7 4 0  J = l , NC O L  
7 4 0 A ( l , J ) = A ( I , J ) - A ( I RO , J ) * D E L E  
7 3 7  C ON T I N U E  
G O  T C  7 1 7 
C C C N V E R T  S O L U T I C � T O  O R I G I N A L  V A R I A B L E S  
7 4 3 P P ( l ) = U 1 v, C l - P ( � } 
P P  U ) = U C h C l - P { 2 )  
P P  ( 3 l = C G v; C 2 - P  ( 3 )  
P P ( 4 ) = U C �C 3-P ( 4 ) 
"" "" 
P P { 5 ) = U 0 h H l - P ( 5 ) 
P P  { b )  = U L i, H 2- P ( 6 )  
? P ( 7 ) = U C �-1 H 3 - P ( 7 ) 
P P  { 8 } = U lJ h h 1'.· - ?  { 8 ) 
P P ( 9 ) = U 0 "'4 H 6 - P ( 9 )  
� P { l C ) = U C � H 7- P ( l 0 )  
P P  ( 1 1  ) = U C �  H d- P ( 1 1  ) 
P P l l 2 ) = L C � 8 1 - P ( l 2 )  
P P ( l 3 ) = U C � Ll 2- P ( l 3 }  
P P ( l 4 } = U T F C 1 - P ( i 4 l  
P P ( l 5 ) = U B F C l - ? t : 5 ) 
P ? { l 6 ) = C A l - P ( l 6 )  
r P { l 7 ) = LJ t 2 - P { l 7 ) 
P P ( l f.: ) = U A 3- P ( l 8 )  
P P ( l 9 ) = l.i A 4 - P ( 1 9 }  
P P { 2 C ) = U A 6 - P ( 2 C )  
t= ? U l ) = U A 7 - P ( 2 1 )  
P P ( 2 2 ) = U A 8- P ( 2 2 } 
I F l P P ( 5 ) - P P ( 2 )  ) 7 6 0 , 7 6 1 , 7 6 1  
· 7 6 C  P P ( 5 ) = P P ( 2 )  
7 o l l F ( P P ( 6 ) - P P {  1 2 )  ) 7 6 2 , 7 6 3 , 7 6 3  
7 o 2  P P ( 6 ) = P P ( l 2 )  
7 6 3  I F { P P ( 7 ) - P P ( 1 2 ) ) 76 4 , 76 5 , 7 6 5  
7 6 4  P P ( 7 ) = P P ( 1 2 )  
7 b 5  I F ( P P ( 8 ) - P ? ( 3 ) ) 7 6 6 , 7 6 7 , 7 6 7  
7 6 6  P P { S ) = P P ( 3 )  
7 6 7 I f ( ;: � ( ·) l - P P { l 3 ) ) 7 6 8 , 7 6 9 , 7 6 9 
76 8 P P ! 9 ) = P P { l 3 )  
· 7 6 9  I F { P P (  1 0 ) - P P (  1 3 )  ) 7 7 0 , 7 7 1 , 7 7 1  
7 7 C  P P ( l C } = P P ( l 3 )  
7 7 1  I F ( P P ( l l ) - P P ( 4 ) ) 7 7 2 , 7 7 3 , 7 7 3  
7 7 2  P P ( l l ) = e P ( 4 } 
7 7 3  � G N T l /\ U E  
D l = P P ( 6 } - P P ( l 2 ) / 2 . 0  
0 2 : P F ( 5 ) - P P { 2 } / 2 . 0  




7 7 4  
7 7 5 
7 8 0  
1 a 1 
1 0 2  
7 8 3  
7 8 4  
J 8 5  
7 't 6  
7 8 7  
7 d 8  
7 8 9  
7 9 G  
7 g 1 
7 g 2  
7 9 3 
7 CJ 4  
C 4 = P P ( 7 )  
C 5 = 1) F ( 9 }  
1 F { C 4 - C 5 ) 7 7 4 , 7 7 5 1 7 7 5  
[ li :: L.; 5  
0 6 = P P { 8 )  
C 7 � P P ( l l ) - P P ( 4 ) / 2 . 0  
� 8 = P P ( l C ) - P ? l l 3 ) / 2 . 0  
I F ( P P ( l 6 ) - 0 1 ) 7 8 1 , 7 8 2 , 7 8 2 
P P ( l c ) = L l  
: � l � P ( l 7 ) - 0 2 ) 7 8 3 , 7 8 4 , 7 8 4  
P P ( 1 7 ) = 0 2  
I F l F P l l e ) - 0 3 ) 7 8 5 , 7 8 6 , 7 8 6 
P P { l 8 ) = C 3  
1 F l � P ( l 9 ) - 0 4 ) 7 8 7 , 7 8 8 , 7 8 8  
P P ( l g ) = 0 4  
! F ( P P ( 2 u } - 0 6 ) 7 8 9 , 7 9 0 , 7 9 0  
P P { 2 C ) = C 6  
I F l P P ( 2 1 } - 0 7 ) 7 9 1 , 7 9 2 , 7 9 2  
P P ( 2 1 ) = 0 7  
I F ( P P ( 2 2 ) - 0 8 ) 7 9 3 , 7 9 4 , 7 94  
P � { 2 2 ) = 0 8 
C ON T I NU E  
Ch E C K  F O R  S A T I S F A C T C R Y C ON V E R G E NCE  
i: O I F = O . O  
C O  7 4 S  I = l  , N  
I F ( P P P ( I ) ) 7 4 6 , 7 4 5 , 7 4 6  
74 6 C I F = � G S { ( P P ( I ) - P P P ( I l ) / P P P ( l ) )  
I F ( O I F - 8 C I F ) 7 4 5 , 7 4 5 , 7 4 7  
7 4 7 c D I F = G I F  
7 .; 5  C O id P, � E  
W R I T E { l 2 , 7 7 6 ) B C I F  
7 7 6  F C K � A T ( l H , •  T H E  D I F F ER ENC E B E T W E E N  VAR I A B L E S  E Q UA L S  ' , E 1 2 . 5 )  
C T r E  A C T U A L  � E I G H T  C F  T � E S T R U C T U R E  
7 5 5  C O N T I NU E  
O l : ( T W C l � O h C l & T F C l * B F C l ) * ( H- A l ) & ( T � C 2 * DWC 2 & T F C 2* B FC 2 ) * l H- A 4 ) 
l £ ( T W C 3 * D h C 3 & T F C 3 * 8 F C 3 ) * ( H- A 8 ) 
" '° 
c 2 = ( H, e 1 �: , H·: e. 1 [. T F H 1 � n F s 1 } ,:: c x L 1 - A 2 - .. 
l £. ( H ,  8 2 � U ',W 2 £ T F B 2 .;; B F � 2 ) * ( X L  2 - A 6- A 7 ) 
C 3 = ( T F r-:  1 t 8 F- C i. -. • ( � u: 0 • 5 ;� m✓ 8 l t. X U - 11  ) ) f: ( T f- H 2 �-nH: B l :,. { A 2 f. 0 .. r_, ,: 0 W C  l f: X L  H 2 ) ) 
l [. T � H l * ( 0 . 5 * A l £ 0 . 2 5 * 0 W 0 1 ) * ( 4 . 0 * D W C l E 3 . 0 * A 2 & 2 . 0 * X L H l * S H l /  
2 S C R T { l . C £ S H l * * 2 l J 
C 4 = T F H 3 * B F 8 l * ( X L H 3 & A J J & T F H4 * B F C �  : J L H 4 & X � H 5 ) & T F H 6 * B F B 2 * ( X LH 6 &A 6 ) 
1 C T � H 3 * ( 0 . 5 * A4 [ 0 . 2 5 * 0 W 8 1 ) * { 2 . 5 * 0 H C 2 i 3 . 0 * � � � 2 . 0* X L H 4 * S H 4 /  
2 s c .� r , 1 . 0 & S H 4 * * 2 ) ) & T � H 3 * ( 0 . 5 * A4 & 0 . 2 5 * 0 W B 2 ) � l 2 . 5 * D � C 2 & 3 . 0 * A 6  
3 £ 2 . G * X L H 5 * S H 4 / S C R T t l . C & S H 4 * * 2 ) }  
D S = T F H 7 * H F G 2 * ( A 7 £. G . 5 * D W C 3 & X L H 7 ) & f F H 8 * � F C 3 * l A 8 & 0 . 5 * DW B 2 & X LH 8 ) 
l C T ¼ h 7 * l 0 . 5 * A 8 & 0 . 2 5 * DW 8 2 ) * ( 4 . 0 * D W C 3 & 3 . 0 * A 7 & 2 . 0* X L H 8 * S H 8 /  
L S ·: n_ T ( l • 0 [. S H 8 ;;: .::, 2 ) ) 
� T = ( C l & C 2 £ 0 3 [ 0 4 £ C 5 ) * 0 . 2 8 3 3 3 3  
ti �{ [ T E ( l 2 , 7 5 0 ) �� T 
7 5 C  F C R � A T ( l � 0 , 5 X , ' W E I G H T= ' , E 2 0 . 9 )  
� R I T E ( l 2 , 7 5 1 )  ( 1 , P P { l ) , I = l , 2 2 )  
7 5 1 F U f..:. i" A r ( l H , ' P P { '  , ! 2 , '  ) = '  , E l 5 . 8 , 1 0 X , ' P P ( ' , 1 2 , ' ) = 1 , E l S . 8 , l 0 X , 
l ' P P ( ' , 1 2 , 1 ) = ' , E l S . 8 ) 
I F ( L - 1 ) 7 � 7 , 7 4 8 , 7 4 8 
7 5 7  I F { B D I F - P E R ) 7 4 8 , 7 4 8 , 74 9  
7 4 8  C O N T I NU E  
S T C P  
C C C � T I � U E  F OR A N C T H E R  C Y C L E  I F  C ON V E R G E N C E  T E ST W A S 
C � C T  S A T I S F I E D 
7 4 9  C O N T I �U c  
R E T L R N  




ANALYSIS OF STROCTURE 
82 
ANALYSIS OF STROC TURE 
The frame as shown in Figure 7, has six unknown reactions 
and therefore is three degrees indeterminant . It is assumed tha.t 
the modulus of elasticity, E, is constant and the moment of inertia, 
I, is constant for each beam or column and varies for each haunch. 
It is also assumed that the deformations due to shear and axial 
force are negligible. 
The horizontal reactions at A and C and the vertical reaction 
at B are released, resulting in a statically determinant frame. The 
bending moment diagram for the primary frame with a uniformly 
distributed load is shown in Figure 8 .  The Figures 9, 10 and 1 1  
show the bending moment diagrams for the frames with a unit load at 
each release A, B and C, respectively. 
where 
The compatibility equations are (8 ) 1  
Ucx • O + FcXAXRAX + FcXBYRBY + FcxcxRcx = 0 • 0 {JO ) 
RAX = horizontal reaction at A 
RBY = vertical reaction at B 
Rex = horizontal reaction at C 
8J 
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Figure 8. Uniformly Dh:tributed Load 
H H 
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Figure 10. Unit Vertical Load at B 
H 





The flexibility coefficients are defined as s 
Ufl • O  = horizontal displacement at A due to uniform load 
UBY • O = vertical displacement at B due to uniform load 
UcX • O = horizontal displacement at C due to uniform load 
FAXAX, = horizontal displacement at A due to unit load A 
FAXBY = horizontal displacement at A due to unit load at B 
FAXCX = horizontal displacement at A due to unit load at C 
FBYAX = vertical displacement at B due to unit load at A 
FBYBY = vertical displacement at B due to unit load at B 
FBYCX = vertical displacement at C due to unit load at C 
FcXAX = horizontal displacement at C due to unit load at A 
FcXBY = horizontal displacement at C due to unit load at B 
Fcxcx = horizontal displacement at C due to unit load at C 
The reactions RAX, R:ay ,  and Rex can be solved by the use 
of the three equations 28 , 29 and JO . The frame is now statically 
determinant and the three remaining reactions RAY ' RBX arxi Rey can 
be found by the application of statics .  The solution and equations 
for the six unknown reactions are sho�m in Phase II of the c omputer 





The general linear programming problem is to find a vector 
(x1 , x2, • • •  Xj, • • •  Xn ) that will minimize the linear form of the 
objective function 
subject to the linear constraints 
and 
au a12 • • •  a1j • • •  a1n x1 b1 
a21 822 • • •  a2j • • •  82n x2 b2 
• • • • • • • • • • • • • • • • • • • • • • • • • • • 
ai1 8i2 • • •  aij • • •  ain Xj b1 
• • • • • • • • • • • • • • • • • • • • • • •  • • • • 
am1 am2 • • •  amj 
• • •  amn Xn bm 
where 
m = the number of constraint equations 
n = the number of variables 
88 
( 32) 
(33 )  
and aij • bi and Cj are the given constants ( 5 ) . These constants are 
found in Phases II , III and IV of the computer program in Appendix A. 
The solution to the ex.ample linear progrannning problem is then 
to minimize 
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j = 1, 2, • • • n (34 ) 
subject to 
where 
i = 1 ,  2, • • • m 
F (xj ) = the objective function to be minimized 
G1 (xj ) = the constraint equation 
However, not all the constraint equa.tions are of the <: type. 
When an equation of the :> type is encountered, it is necessary to 
change all the signs of the equation, thus changing the > type to 
the < type. This changing of signs produces negative elements 
(35 ) 
on the right hand side of the equation which is unacceptable in the 
simplex procedure. To remove this negative element, all the variables 
in both the objective function and the constraint equations must 
be subtracted from some larger value, Uj • This linear transformation 
can be stated as follows z 
The linear program is then solved by the use of the new variables 
x�. When the real variables, Xj, are required, it can be found by 
the reverse linear transformation (4 ). 
(36 ) 
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The constraint equations that are in the form of inequalities 
must be changed to equalities . This change is accomplished by adding 
a slack variable to each inequality. However , this slack variable has 
no meaning and should be eliminated . It is recommended that large 
values be assigned to the coefficients for these slack variables in the 
objective function so that the slack variables will be driven out of 
·the solution basis . 
After each completion of the simplex algorithm the newly 
determined variables are checked against the previous ones . If the 
change in the variables is larger than some given amount the new 
variables are retained and the sequence is repeated. :Eventually the 
change will be less than the criteria and the solution is  accepted . 
The flow chart sho-wn in Figure 12 illustrates this sequel procedure. 
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start._ __ Read ____ Read input data�--------










aij , bi , c j 
Phase III , IT and V 













A1 , A2 • • Aa 
AF 
A ( I , J) 
AW 
BF 













Length of haunches 1 through 8 ,  
respectively 
Area of compression flange 
Coefficient matrix for left side 
of constraint set 
Area of web 
Width of flange 
Column matrix of elements on right 
side of constraint set 
Bending coefficient 
Column slenderness ratio dividing 
elastic and inelastic buckling 
Cbjective function coefficient 
Coefficient applied to bending term 
in interaction formula 
Distance from neutral axis to stressed 
fiber at point n 
Depth of structural member 
Lower limit on depth of web of beam 
Depth of web of beams 1 and 2 ,  
respectively 
Lower limit on qepth of web of column 
Depth of web of columns 1 ,  2 and J ,  
re spec.ti vely 
Program 
Symbol 













XIH1, XIH2• • 
IlH8 
XK 
XL1, XI2  
Problem 
Symbol 
dwh1,¾h2 • • 
¾h8 
E 







Depth of web of haunches 1 through 8, 
respectively 
Modulus of elasticity of steel 
Axial stress that would be permitted 
if axia l force a lone existed 
Computed a.xi.al stress 
Compre·ssive bending stress that 
would be permitted if bending moment 
alone existed 
Computed bending stress a t  the point 
under consideration 
Euler stress divided by factor of 
safety 
Factor of safety 
Allowable shear stress 
Yield strength of material 
Height of the frame 
Moment of inertia at point n 
Moment of inertia of beams 1 a nd  2, 
re spec ti vely 
Moment of inertia of columns 1, 2 
and 3, respectively 
Moment of inertia of haunches 
1 through 8, respectively 
Effective length factor 
Unbraced length of the compression 
flange 
Length _ of bays 1 and 2, respectively 
Program 
Symbol 







RAX , RBX ,RCX 
RAY� RBY , RCY 












Unbraced length of haunches 1 through 
8, respectively 
Number of constraint equations 
Design moment at point n 
Key point at which stresses are 
checked 
Number· of design variables 
Axial force 
Difference in a variable between 
successive cycles 
Governing radius of gyration 
Horizontal reaction at A,B and C, 
respectively 
Vertical reaction at A , B  and C, 
respectively 
Slope of bottom flange of haunches 
1 through 8, respectively 
Thiclmess of flange 
Upper limit on variables x
j 
External uniform load 
Design variables 
